fanston 


ranged 
ll, Chi- 

Local 
ry Spe- 
erested 
eeting. 
nience 
th the 


TRANSFUSION 


September-October 1961 


Volume 1 


Number 5 


Editorial 


Science, Economics, Politics, and Blood 


STRANGE bedfellows, these four. Your 
immediate reaction as a scientific or tech- 
nical blood banker is that they should not 
appear together; they are sequentially an- 
tagonistic. I agree with the spirited nature 
of your reaction, but not with its factual 
practicality. 

Science, economics, politics, and blood 
are related and there is logic in this se- 
quence. 

They have been arranged in this way 
for almost 25 years—ever since blood from 
a bottle was transfused into a vein. It was 
then that a blood transfusion was accepted 
as a practical and valuable medicinal agent 
because it became available in volume to 
many people. It was then that blood banks 
were born. However, it took blood banking 
25 years of weed-like growth and about 
60,000,000 units of blood to arrange these 
words for public view. 

Unfortunately, the donor and the recipi- 
ent are much more aware of this combina- 
tion of words than the average blood 
banker. A few days ago a bill was intro- 
duced into Congress (HR 6416) which, if 
enacted, would allow the blood donor a 
$50 deduction (up to $200 per year) from 
his taxable income for each pint of blood 
which he gave, on the grounds that this act 
constituted a charitable contribution to 
society. 
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The cycle is now complete: Science was 
responsible for the discovery of the useful- 
ness of blood in medical care; Economics is 
a necessary part of a transfusion; Politics 
became involved because blood “is for the 
common good”; Blood is the vehicle which 
welded these words together. 

It does not matter for the purpose of this 
discussion whether the intent of the bill 
or its provisions are good or bad. What 
matters is that blood is added to the long 
list of health legislation sponsored by poli- 
ticians who are constantly searching for the 
“common good” in order to bestow benev- 
olence upon their constituents—for a price. 

What is that price? All that the donor- 
politician expects to receive for his service 
is the “gratitude” of his constituents ex- 
pressed in terms of votes. For the citizen- 
recipient of the “common good” the price 
is exorbitant—authoritarian control. A fa- 
mous Supreme Court justice in a majority 
opinion on this subject which is currently 
the law of the land, said, “It is hardly less 
than due process that the government regu- 
lates that which it subsidizes.’ It can’t be 
any other way. We blood bankers, as 
vendors of this blood service, could not 
escape being regulated. 

The politician’s wares must be attractive 
and of general interest in order to sell. 

Today the most attractive item is the 
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health package: something which everyone 
wants; a civil right, a prominent cabinet 
member recently called it; something which 
the public-at-large has judged to be good. 
Good doctors, good hospitals, good polio 
vaccine, good liver extract, good antibiotics, 
good heart and brain surgery, good labora- 
tories, good radiological services, and good 
blood, are all generally accepted as part of 
our way of life. 

Blood is the last of these attractive items 
which the “politico” has placed in his show 
window. You thought it was in the blood 
banker’s window! Actually it still is, but 
it won't be there for long unless blood 
bankers start doing more homework on the 
subjects of economics and politics. 

If you don’t believe this, look at the price 
tag he has on the bottle of blood. It is 
clearly marked FREE. You would get the 
shock of your life if you found the same 
tag on a suit or a hat in Macy’s window. 
You would conclude that the management 
must be crazy. But, the politician isn’t 


crazy. He and non-political groups who 


actively support the concept of blood for 
“gratitude” will get what they want unless 
the economics of blood 


we understand 
banking. 

Not long ago, our Achilles’ heel was the 
lack of essential information on many sci- 
entific aspects of blood banking: Rh, ABO 
subgroups, compatibility testing, etc. Right 
now, plain, hard economics — dollars — has 
added another Achilles’ heel. We must con- 
tinue our search for scientific truths but we 
must add to this, a search for socio-economic 
truths. 

How much does it cost to give a trans- 
fusion? Is the public attracted by this 
FREE tag on the blood package? The 
answer is clearly “yes.’’ They have already 
established this as a fact; not only from 
the standpoint of blood, but annually 35 
million Americans walk into the Federal 
health store and receive a part or all of 
their health care. Many of the remainder 


are sorely tempted because they half- 
believe it is really free and half-believe that 
it ought to be. 

Every sensible person knows that there 
is no such thing as a free service. Someone 
always pays because some part of that serv- 
ice is always rendered by persons whose 
livelihood depends upon it. 

Simple explanations for this unrealistic 
viewpoint are that good health is a “birth- 
right of every citizen,” that “I ought to get 
something in return for my tax dollar,” o1 
that “everyone else receives a subsidy, why 
not me?” 

Why doesn’t the voter-citizen believe that 
food, shelter, clothing, and plumbing—all 
essential to good health—are also his vested 
right as a citizen? He understands the cost 
of these items because he is both a vendoi 
and a consumer and belongs to the majority 
of people who are engaged in such activities. 
In sharp contrast to this group, the vendors 
of health benefits are a group of scientifi- 
cally trained people who constitute only a 
small fraction of the consumer population. 
Their education is predominantly scientific 
both at the undergraduate and graduate 
level. People usually shun anything that 
they don’t understand, and scientific people 
generally don’t understand the business 
aspects of health finances. 

What has all of this to do with a $50 
deductible pint of blood? Simply this: 
Blood banking is now a part of the political 
and economic interest of a large number 
of American groups because they have 
adopted it as a common good which every- 
one should have. The only part of blood 
banking genuinely understood by them is 
the dollar part. 

What can the members of the AABB do 
about it? We as blood bankers must under- 
stand them and they must understand us. 
Can this be done by the AABB governing 
board? Can this be solved by top-level con- 
ferences? NO, it cannot, because the top, 
like a tree, is only as strong as its roots. 
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Let us start with you. Can you survive 
i critical socio-economic examination of 
your individual bank? Can we as an organ- 
zation pass this same examination? As an 
idolescent, the AABB (now 14 years old) 
vould probably have difficulty with this 
*xamination because we have encouraged 
. diffusion of responsibility rather than 
entral controls. We have developed guides, 
10t dictates. Being able to experiment 
reely with various methods of rendering 
. blood service to people, we have gained 
‘trength and a position of leadership in 
his field. Our scientific and technical con- 
ributions to blood banking have been a 
iallmark of our success. 

From a scientific standpoint, our journal 
[RANSFUSION, our Reference Laboratories, 
our scientific programs at the annual meet- 
ing, and the research contributions by our 
members have been outstanding. 

From a technical standpoint, our annual 
technology panels, our Rare Blood Donor 
File, our nationwide workshops, our In- 
spection and Accreditation Program, our 
Technical Manual, and our “Standards for 
a Blood Transfusion Service” have brought 
a virtually “safe” transfusion to all who 
need one. 

What about our third dimension, ad- 
ministration—another word for economics 
and politics? For years, your Board has 
spent 90 per cent of its time on administra- 
tive problems. About 60 per cent of your 
Bulletin contained printed matter directly 
related to this subject and yet can you 
logically substantiate the charge you make 
in your own facility for your blood service? 
Do you know whether the patients in the 
hospitals in your area are paying $20, $30, 
or even $60 for one transfusion? If you 
knew that there was a 100 per cent variation 
in the cost to patients, what would you do 
about it? Would you snipe at your sister 
bank and somehow naively believe (if your 
cost was higher) that you were all virtue 
and she is all bad because you thought your 
service was better? 


My plea is that you first put your own 
house in order and find out whether your 
cost really reflects better professional and 
technical services and a better cost account- 
ing practice, or is it merely because you 
have rationalized and not analyzed your 
charges? 

Your Association leadership has given top 
priority to socio-economic matters for sev- 
eral years. Without AABB ownership of 
the clearinghouses, an AABB-ARC Inter- 
society Reciprocity Agreement (an _ eco- 
nomic achievement of vital importance) 
would have been impossible. There is no 
doubt in my mind that without this agree- 
ment, a unified, centrally controlled blood 
program would have soon evolved in which 
our policy-voice would have been a whisper. 
This agreement will lead to some confusion, 
some need for personal sacrifice of time and 
money until all of the problems come to 
light through its operation. These are a 
part of the sacrifices or justifiable “over- 
head” we must make because we adopted 
the principle that a diffusion of responsi- 
bility is an essential ingredient of freedom 
to act as Our Own master. 

Our meetings with the Community Serv- 
ices Activities leaders of the AFL-CIO in 
New York City have resulted in an under- 
standing at the “top.”” Now we have trans- 
ferred this to the grassroots through the 
State Representatives and to blood banks 
directly concerned with the problem of 
the relationships of organized labor and 
blood banking at the community level. 
How well they are solved depends upon the 
knowledge of socio-economic affairs, the 
energy, and the skill of the person who 
directs the individual bank. 

Our Committee on Blood Banking Sys- 
tems has met twice and has succeeded in 
classifying donors. Their primary concern 
in this effort was not scientific or technical; 
it was politico-socio-economic. 

Another committee charged with the re- 
sponsibility of finding out what patients in 
this country pay for a transfusion, has al- 
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ready encountered great difficulties. Too 
many transfusion facilities have inadequate 
accounting practices and really don’t know 
their costs. 

Remember the politician I mentioned 
above? He didn’t just offer the public a 
tax break by recommending that a blood 
donation be a deductible contribution. He 
did much more than that: he put a dollar 
value — $50—on a pint of blood, for the 
blood itself. 

Is this a scientific, technical, or a prac- 
tical politico-economic problem? Have you 
determined the common denominators in 
your bank which will best serve your pa- 


tients, your donors, and your bank? Re- 
member that since World War II (Isn't it 
strange that this also marks the beginning 
of blood banking in this country?) , scien- 
tists have made the discoveries and _ poli- 
ticians have made the decisions as to what 
should be done with these discoveries? 
Our future rests largely in the hands of 
our individual blood banks who must con- 
tinue to be unified and fuse our scientific 
and technical know-how with a sound socio- 
economic approach to the solution ot 
our problems. 
J. R. ScHENKEN, M.D. 
Presiden 
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Members of two Japanese families residing in the 
came small village were shown to carry the Re (D--) 
vene when antibodies in the sera of the two pro- 
ands presented a crossmatching problem. A study 
of their sera revealed a complex array of Rh anti- 
bodies, including perhaps anti-Hrs. 

The Re (D--) complex is considered to have 
arisen by mutation of several sub-elements (mu- 
tons) according to the cistron theory of gene- 


topology. 


Tue First example of the R°R° (D- -/D- -) 
genotype was discovered by Race, Sanger 
and Selwyn!213 in 1950. This unusual 
genotype was found in one family in the 
United States!8 and two families in Can- 
ada.4-6 10 More recently an additional case 
has been found in Japan.!! 

Characteristics of these bloods as estab- 
lished by previous studies are: (1) the ab- 
sence of the rh’(C), hr’ (c), rh” (E) and 
hr” (e) blood factors; (2) the heightened 
reactivity of the cells with anti-Rh, (D) 
sera as revealed by titration tests in parallel 
with “standard” Rh, (D) positive cells; (3) 
an increased capacity of the cells to absorb 
anti-Rh,(D) sera; and (4) the direct (sa- 
line) agglutination of Rh,(D--) cells by 
incomplete anti-Rh, (D) sera. 

The present paper reports studies of two 
Japanese families of unmixed ancestry in 
which were seen persons homozygous and 
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heterozygous for Re (D--) and includes our 
efforts to identify the antibodies in the sera 
of some of them. A preliminary report of 
one of these families has been published 
elsewhere.?! 


Results 


Investigation of the G. Family: The 
bloods of this family were brought to our 
attention by the discovery that the serum 
of the propositus, Mrs. G., agglutinated all 
bloods with which it was crossmatched. The 
medical history revealed previous abortions, 
stillbirths and multiple blood transfusions. 
When the serum of the propositus failed to 
agglutinate two known R°Re (D--/D--) 
bloods,+ it was suspected that her blood 
might also be of the same genotype. 

Table | shows the results of tests done on 
cells from 17 members of the G. family 
(pedigree in Fig. 1) with two anti-rh’ (C) 
and four anti-rh” (E) sera, all six of which 
were from Rh, (D) positive individuals, and 
with three anti-hr’ (c) and two anti-hr” (e) 
sera. 

The propositus, Mrs. G. (11,6), has five 
siblings and one living parent, as shown in 
Figure 1. Since two of these siblings (11,5 
and II,7) were R!R2(DCe/DcE), it was 
assumed that the deceased father (1,2 
should have been RoR? (D--/DckE). Two 
other sibs (11,3 and II,4) also proved to be 
ReR2(D--/DcE) and another (II,l) was 
R°R° (D--/D--). This latter sib, Mrs. N. 
(11,1) was further studied and her serum 


+ Kindly supplied by Dr. Philip Levine, Ortho 
Research Foundation, Raritan, New Jersey 
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ORF BR'R® 


BA®' ap AY BRR 


Male: [7 ]Heterozygous R° Zz Deceased and resumably BB Neonoto! death by 
heterozygous erythroblastosis 


Female) Homozygous R° Heterozygous 4° Neonatal death by: 


A Miscorriage 


erythroblastosis 


Fic. 1. Pedigree of the G. family. 


was found to contain antibodies for all 
cells tested except those from the other 
known ReRo (D--/D--) bloods, negative to 
the serum of Mrs. G., and those of Mrs. 
G. herself. 

Some months later, the serum of Mrs. G. 
was again made available when she deliv- 


Male: 


Female: 


Homozygous R° 


Homozygous R° 


ered her fourth living child (III,3). The 
baby manifested a positive direct antiglob- 
ulin test and a diagnosis of hemolytic 
disease of the newborn was established. The 
baby was successfully exchange-transfused 
with washed red blood cells from Mrs. N. 
(11,1), the sister of Mrs. G. 


Heterozygous R° 


© Deceased 


Fic. 2. Pedigree of the N. family. 
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Generation 


Reaction with Anti-sera 


Rho(D) eh (C) th “(E) bec) br (e) 


o wD 


TaBLe 1. ABO Blood 
Groups and Rh Geno- 
types of the G. Family 
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(R°R2(D--/DcE) 
R°R'(D--/DCe) 

R'R'(DCe/DCe) 
R'R'(DCe/DCe) 


R°RD--/D--) 
RIR1(DCe/DCe) 


R°R2(D--/DcE) 


R°R2(D--/Dok ) 
R'R2(DCe/DcE) 
R°R%D--/D-- ) 
R'R2(DCe/DcE) 
R'R'(DCe/DCe) 
R'R'(DCe/DCe) 
R'R'(DCe/DCe) 
R'R'(DCe/DCe) 


R°R'(D--/DCe) 
R°R'(D--/DCe) 
R°R'(D--/DCe) 


* Agglutination in saline with incomplete anti-Rho(D) sera, 
t Presumed ABO blood group and Rh genotype as he has died. 


$ Propositus. 
5 Non-paternity. 


Several attempts were made to identify 
the antibodies in the mother’s serum. In- 
asmuch as the titer was relatively high (1: 
512 to 1:1,024) by the antiglobulin and 
trypsin technics, the results were unusual. 
After absorption with either Rh,Rh, 
(DCCee), Rh,Rh,(DccEE) or rh (dccee) 
cells, the remaining antibodies gave weak 
or doubtful reactions which were neither 
clear-cut nor meaningful. The presence of 
anti-hr” (E) , at first thought to be definitely 
established, later became questionable in 
the light of elution data. Traces of anti- 
hr’ (c) and anti-hr” (e) were also suggested. 

Eluates of the cells exposed to the moth- 
er’s serum gave unexpected reactions by 
Stern’s papain test!? and the indirect anti- 
globulin test. An antibody which directly 
agglutinated only the rh” (E) positive cells 


of our panel, including rh”rh” (ddccEE) , 
Rh,Rh, (DccEE) and Rh,Rh, (DCCEE), 
was found in eluates from rh (ddccee) cells, 
but not in eluates from Rh,Rh, (DccEE) 
cells. These latter cells could, however, be 
shown to be strongly sensitized by the in- 
direct antiglobulin method. The eluate 
from Rh, Rh, (DCCee) cells agglutinated all 
cells tested except RoRo (D--/D--). The 
cells of the propositus, Mrs. G., would not 
absorb antibody from her serum nor would 
they absorb antibody from several examples 
of anti-rh’(C), anti-rh” (E), anti-hr’ (c) 
and anti-hr” (e) . 

The specificity of the antibodies in the 
baby’s serum were also obscure and the 
baby’s cells were not available for elution 
studies. —The same surprising phenomenon 
of the elution of apparent anti-rh” (E) from 
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Generation S cs - pe 
Rho(D) th (C) th (E) he (c) be (e) eh*(C¥%) be%(V) 


* Propositus. 


rh” (E) negative cells exposed to the test 
serum was also observed with the baby’s 
serum. 


Investigation of the N. Family: During 
the course of the work on the G. family, 
another blood representing a transfusion 
problem was submitted for study. Until 
the genotype of this blood was established, 
no compatible blood could be found for 
this patient. Another example of ReR° 
(D--/D--) was quickly revealed when the 
serum failed to agglutinate the cells of Mrs. 
G., the propositus of the first family, and 
two additional R°R° (D--/D--) bloods. 

Absorption studies suggested the pres- 
ence of multiple Rh antibodies. Eluates of 
the cells used for absorption gave anom- 
alous results. As in the previous case, the 
eluate from rh (ddccee) cells agglutinated 
only rh” (E) positive cells, the eluate from 
Rh,Rh, (DCCee) cells agglutinated all cells 
tested except ReRe (D--/D--) , and the elu- 
ate from Rh,Rh,(DccEE) cells contained 
no detectable antibody. 

The pedigree of the N. family is given in 
Figure 2 and the blood typing results are 
tabulated in Tables 2 and 3. To the best 
of our knowledge the N. and G. families 
are not related. They do, however, reside in 


R°R'(D--/DCe) 


R°R2(D--/DcE) 


R°R%D--/D--) 
TABLE 2. Rh Blood Type 


RRYD-/D-) of the N. Family 


RRYD-/D-) 


R?R2(DcE/DcE) 
R°R2(D--/DcE) 


the same small village, and it is quite possi- 
ble that at some earlier date, members of the 
two families were intermarried. We were 
unable to obtain information pertaining to 
consanguinity in either family, but con- 
sanguinity is common in Japan, especially 
in more rural communities. 


Discussion 

The question of the genetic origin of 
the RoRe (D- -/D- -) genotype is yet an open 
one. Although the original communication 
of Race, Sanger and Selwyn!? favored the 
operation of a chromosome deletion, the 
recent studies of Benzer2;3 with T4 bac- 
teriophage have permitted a re-evaluation 
of the gene not only in terms of its various 
functions or effects but with regard to its 
qualitative structure as well. By employing 
recombination tests in tandem with “mark- 
ers” obtained by observing spontaneous, 
and to a limited extent, chemically induced 
mutations, Benzer?: 3 has been able to show 
that alleles, which he calls “‘cistrons,” may 
themselves be subdivided. The cis-trans 
test serves to delimit the extremes of the 
cistron. The arrangement of the sub- 
elements, like that of the cistrons them- 
selves, is linear and their topology and 
topography can be schematically mapped. 


Taste 3. Blood Groups and Types of the N. Family 
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* Propositus. 


The smallest sub-element of a cistron that 
may be altered (i.e. mutates) is termed a 
“muton,” and the cistron contains many of 
them. It has been further demonstrated 
that some mutons are extremely stable 
while others mutate easily. 

Since DNA is now believed to be the 
carrier of the genetic code in most viruses 
and bacteria, the cistron-muton concept 
should be applicable to man and other 
higher forms by analogy, although most of 
the evidence linking DNA to hereditary 
transmission in higher forms is both in- 
complete and indirect. Applying this hy- 
pothesis, the Wiener and _ Fisher-Race 
theories of inheritance within the Rh sys- 
tem reduce to the same common denomi- 
nator and become practically indistinguish- 
able. The cistron, in conception, replaces 
both the single indivisible gene and the 
pseudoallelic elements of the two theories. 
An objection to this use of the word “cis- 
tron” in the place of “gene” has been 
offered by Carlson? on the basis of his 
work with the dumpy region in Drosophila. 
In this species, in contrast to T4 phage, 
compound mutants did not necessarily pro- 
duce a mutant expression in the “trans” 
condition. 

If one considers the Rh locus to be a 
single cistron divisible into mutable sub- 
units, the explanation of RoRo (D- -/D- -) 
as a relatively large mutation within the 
cistron becomes quite plausible. The bio- 
synthetic pathways through which a muta- 
tion within the Rh cistron might exert its 
effect are unknown and, clearly, any efforts 
to elucidate them at this time are specu- 
lative. However, immunohematologists re- 
gard the production of the various Rh-Hr 
factors to be wholly the result of the action 
of their corresponding genetic determinant. 
In the ABO system, however, these factors 
may be the result of modification of a pre- 
cursor substance by the cistron in question, 
an event that takes place at the terminal 
stage of their formation, at least for the 
secreted substances. 
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Regardless which, if either, of these two 
mechanisms operates, it may be assumed 
that the Rh cistron in some way controls 
the appearance of several Rh specificities. A 
mutation might affect one or more of these 
specificities depending on its magnitude, 
and in Benzer’s terms, the number of mu- 
tons affected. At the moment there is no 
evidence assuring the existence of only one 
cistron, nor is there any indication that 
there may be more than one. Investigations 
designed to clarify this issue are hampered 
by the interaction of the Rh alleles of each 
chromosome, the difficulty in locating the 
original ‘marker’ mutant and the lack, 
until recently, of sufficiently refined quanti- 
tative technics for measuring red cell anti- 
gen concentrations. We particularly stress 
in the latter instance, the work of Masour- 
edis et al.9 with I'3! labeled Rh, (D) anti- 
body and the application of the probit 
bioassay technic of Wilkie and Becker? to 
the study of the Rh system by Silber et al.'6 

Race and Sanger!+ have recently noted 
an excess of consanguineous marriages in 
families possessing the R° (D--) gene. They 
suggest that perhaps the Rh, (D- -) pheno- 
type arises heterogeneously from the action 
of modifier genes, differing in each of these 
families. The ultimate proof of this hy- 
pothesis must await data furnished from 
pedigrees in which non-consanguineous 
matings of homozygotes and/or heterozy- 
gotes for R° (D--) show whether the modi- 
fiers in these families, if they exist, differ 
from one another. 


Anti-Hr, (CcEe) is defined by Wiener et 
al.!9 as the antibody produced by sensi- 
tized persons homozygous for Ro (D--). 
Several investigations have now confirmed 
its existence, particularly that of Allen.! 
By the expedient of triply absorbing 
and eluting the antibody from Rh,Rh, 
(DCCee) , Rh,Rh, (DccEE) and rh (ddccee) 
cells in succession, they showed that the 
final eluate contained antibodies having a 
new specificity and directed toward a nearly 
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universal factor, Hr, (CcEe), present on al! 
but ReR° (D--/D--) cells. Thus, an injec- 
tion of red blood cells into a person o! 
Rh, (D--) phenotype might elicit anti-Hr, 
It might also be argued that anti-Hr, (CcEe 
represents an antibody of broad cross 
reactivity rather than being directed agains: 
a single factor. There seems to be littk 
reason yet to favor one hypothesis over th 
other in the absence of controlled injectio; 
experiments. Hackel® has described anti 
bodies with unusual specificity that are pr« 
duced by R°R° (D--/D--) persons. 

The results of our studies do not indicat 
that anti-Hr, (CcEe) might have been ab- 
sent from the sera reported in this pape, 
since “triple eluates’ as described by Allen 
were not attempted. 

The antibodies eluted from rh (ddccee) 
cells agglutinated all rh” (E) positive cells 
including Rh,Rh, (DCCEE). No antibody 
could be eluted, however, from Rh.Rh, 
(DccEE) cells although these cells could be 
shown to have absorbed antibody by the 
indirect antiglobulin test. Thus, although 
the agglutination specificity of an eluate 
resembles anti-rh” (E) , this conclusion may 
be precluded by the absorption and elution 
of the antibody with rh” (E) negative cells. 
Such a result could be tentatively attributed 
to a specificity such as Hrs,!5 with the anti- 
bodies having a stronger affinity for rh” (E) 
positive cells than for rh” (E) negative cells. 
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Note 

A reinvestigation of the N. family has revealed 
an error in the pedigree (Figure 2). Mrs. S. (II, 4) 
is not deceased; her blood type is O R°Re (D- -/D- -). 
Three additional sibs of Mrs. N. (II,2) were also 
found and two were tested. These proved to be 
O R'R’®(DCe/DcE) and B R'R°(DCe/D- -) respec- 
tively. 
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Citrate-Phosphate-Dextrose Solution for Preservation 
of Human Blood:* 


A Further Report 


Joun G. Gisson, II, M.B.A., M.D.,** Ciinron B. Grecory, M.S., 
LAWRENCE N. Butron, B.S.*** 


From the Departments of Medicine and Surgery of the Peter Bent Brigham Hospital, and 
the Department of Medicine of the Harvard Medical School, Boston, Massachusetts 


A comparison of clinically significant in vitro 
characteristics of ACD and CPD blood is presented. 

In clinical trials conducted at three hospitals, 
586 units of blood collected in CPD in plastic bags 
were utilized for 622 individual treatments as 
single units or subdivided aliquots of whole blood, 
and as packed red cells in 332 patients. The ex- 
piration period was 28 days, and five bloods were 
discarded as outdated. There was one reported 
pyrexial reaction and one proven bacterial con- 
tamination. 

Forty-two per cent of the bloods or components 
were issued during the first week, 43 per cent during 
the second and third weeks, and 15 per cent during 

‘the fourth week of storage. 

Of the total bloods or components issued, 9 per 
cent of the whole bloods, 25 per cent of the sub- 
divided blood aliquots, and 23 per cent of the 
packed red cells were transfused during the fourth 
week of storage. 

No difficulty with clotting was observed during 
collection, storage, or transfusion. 


A Citrate-Phosphate-Dextrose (CPD) an- 
ticoagulant solution for the preservation 
of human blood was first described in 1957.7 
This solution differs from Acid-Citrate- 
Dextrose (ACD) solution, in that it con- 
tains 20 per cent less citrate ion; contains 
dibasic sodium phosphate; is isotonic to 
human red cells, and has a pH of 5.63. 


* Received for publication January 16, 1961; 
accepted April 12, 1961. 

** Research Associate in Medicine at the Peter 
Bent Brigham Hospital, Harvard Medical School, 
Boston, Massachusetts. 

*** Staff Associate, Department of Surgery, Peter 
Bent Brigham Hospital, Boston, Massachusetts. 
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The formula of the CPD+ solution usec 
in all experiments and clinical trials re 
ported herein is as follows: 

Gm. 
Na; Cg H; O;:2H,O 25.80 
H; Cz H;0;:H,O 3.20 
Na H, PO,:H,O 2.18 
Cy Hy. Og 25.00 
Water for injection 1,000.00 
pH 5.63 
70 MI. for collection of 500 Ml. 

of blood 


All of the bloods used for the in vitro and 
in vivo experiments, and the clinical trials 
reported herein, were collected and stored 
in plastic bags;++ and transfusion was by 
plastic recipient sets. 

In the original publication,” data were 
presented on the post-infusion survival, de- 
termined by the radiochromium (Cr°') 
method,®+++ of red cells of whole blood 
collected in CPD and stored at 4+1C. 
for from 27 to 32 days. In eight experiments 
the percentage survival ranged from 70 to 
85 per cent with a mean of 75 per cent. 
Since these were reported, three survival 
experiments were carried out on bloods 
collected in plastic bags which had been 
stored at room temperature in the original 
package for three years, with results in the 
same range. 





+ This is the formula of CPD-5 in the original 
article.7 
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The results of these 11 experiments with 
3PD blood, shown in comparison with 
even survival experiments on ACD bloods, 
»rocessed with similar equipment,!° are 
hown in Figure 1. At 28 days of storage, 
he range for the ACD bloods was from 63 
o 75 per cent with a mean of 70 per cent, 
hree values being well below this level. 
t is evident that ACD blood, even when 
ollected in plastic equipment, does not, 
ifter 28 days of storage, meet with the Na- 
ional Institutes of Health* requirement of 
/0 per cent survival. In contrast, ten of 11 
2PD bloods had values of 70 per cent or 
etter. 

Since ACD is the currently accepted anti- 
coagulant solution for the collection of 
blood for bank storage, a comparison of in 
vitro characteristics of ACD and CPD blood 
(not hitherto reported) that are of clinical 
significance is presented. 

In Table 1 are shown comparative values 
of plasma pH, hemoglobin, potassium, and 
inorganic phosphate concentration over a 
storage period (4 + 1 C.) of 35 days. These 
values were obtained on paired aliquots of 
blood from the same donor collected in the 
two solutions. 

Plasma pH was determined with a glass 
electrode using a Beckman Model G pH 
meter. Hemoglobin was measured by the 
method of Crosby;3 potassium with a Baird 
flame photometer, and inorganic phosphate 
by the method of Fiske and SubbaRow.5 

The initial pH of ACD plasma is 7.0 
and falls rapidly to 6.8 at seven days, and 
thereafter less rapidly to 6.7 at 21 days. The 
initial pH of CPD plasma is 7.2; and al- 





++ Supplied by or purchased from Fenwal Labora- 
tories, Inc.; JA2C containing ACD, and JF5 con- 
taining CPD. 

t++In this method the 100 per cent retention 
value of infused stored red cells is based on the 
recipient’s red cell volume determined with fresh 
recipient’s red cells tagged with P*, and the meas- 
ured amount of Cr™ administered as tagged donor 
cells. Post-infusion survival is based on a value 
obtained by extrapolation of survival percentages 
of individual samples taken over a 20-day period 
plotted as semi-logarithmic values. 


% 


90 


27 


DAYS STORED 


Fic. 1. Comparison of post-transfusion survival of 
red cells of ACD and CPD blood collected and 
stored in plastic bags. The mean survival at 28 
days is 70 for ACD and 76 per cent for CPD cells. 
Three ACD bloods had values below, while 10 CPD 
bloods had values above the N.I-H. limit of 70 
per cent. 


though there is a progressive fall, the level 
at 35 days of storage is higher than that 
of ACD blood at 21 days. CPD blood con- 
tains less fixed acid throughout the entire 
period of storage. 

The plasma hemoglobin concentrations 
are less in CPD than in ACD plasma 
throughout storage, the CPD ievel at 28- 
days storage being considerably lower than 
that of ACD blood at 21 days of storage. 

The net loss of intracellular potassium 
and net gain in plasma potassium is sig- 
nificantly less in CPD than in ACD blood, 
and plasma potassium levels are lower 
throughout storage. 

The formulaic inorganic phosphate of 
CPD results in a higher initial plasma level 
than in ACD blood. In both bloods the 
breakdown of intracellular organic phos- 
phates during storage results in a diffusion 
of extracellular inorganic phosphate, and 
as a result, the plasma inorganic phosphate 
level of CPD blood exceeds that of ACD 
throughout storage, as shown in Figure 2. 
In ACD cells the level rises rapidly up to 
15 days, indicating a rapid breakdown of 
organic phosphate; thereafter the level re- 
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TABLE 1. Comparison of plasma pH, and Plasma Concentrations of Hemoglobin, Potassium 
and Inorganic Phosphate of ACD and CPD Blood 


e—————————eeeee nn 


Days stored 


ACD 
CPD 


14 21 28 
pH 

6.73 

6.89 


6.71 
6.84 


Hemoglobin Mg/100 Ml. 


53 
30 
Potassium MEq./L 


29 35 


- 20 25 


Inorganic Phosphate mM/L 


mains unchanged, indicating a failure of 
glycolytic activity. In contrast, the intracel- 
lular level of CPD cells rises slowly during 
the first 15 days, indicating conservation 
of organic phosphate. Thereafter, the level 
continues to rise up to 28 days, indicating 
continued glycolytic activity. 

This metabolic difference has been fur- 
ther investigated by phosphate partition 
studies on paired aliquots of whole ACD 
and CPD blood from the same donor.!! 


PLASMA 


eo | 


° 5 10 18 20 25 30 35 


2.2 3.0 


4.2 1.9 


Half of the anticoagulant solution from 
each of two ACD and CPD collection bags 
was removed and discarded. Two donors 
were bled: half of the unit from each donor 
being collected in CPD solution, and the 


other half in ACD. 

Phosphate partition hydrolysis studies 
were carried out by the method outlined 
by LePage.8 This procedure involves a frac- 
tional analysis of the organic phosphate 


15 


mM/L INTRACELLULAR 


°o 5 10 15 20 25 30 35 


DAYS STORED 


Fic. 2. The level of plasma inorganic phosphate of CPD blood exceeds that of ACD blood by 
about 2 mM/L throughout storage. Intracellular phosphate of ACD blood rises rapidly to a 
maximum in the first two weeks of storage, whereas that of CPD blood rises more slowly but 
progressively for 30 days. (We are indebted to Dr. P. R. Beamer, Editor of the American Journal 
of Clinical Pathology, and to Williams and Wilkins Co., Baltimore, Maryland, for permission to 
reproduce this Figure from a previous communication.7) 
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esters present in a trichloracetic acid fil- 
crate. 

Samples of the deproteinized blood were 
subjected to hydrolysis with IN HCl at 
100 C. Inorganic phosphate before and 
after treatment was determined by the 
method of Fiske and SubbaRow.> The in- 
‘rease in inorganic phosphate during the 
lust seven minutes of hydrolysis (P,) is 
mainly due to the two labile phosphates of 
\TP and the labile phosphate of adeno- 
ine diphosphate. The additional amount 
liberated at the end of 100 minutes (Py) is 
derived primarily from hexose diphosphates 
and adenosine monophosphate. Total acid 
soluble phosphate was determined by wet 
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ashing with perchloric acid. The differ- 
ence between the total hydrolyzable phos- 
phate and the total acid soluble phosphate 
(Protai) represents the stable phosphate 
fraction (Ps) which is essentially 2,3-diphos- 
phoglycerate (DPG). 

The results are given in Table 2. The 
breakdown of organic to inorganic phos- 
phate in CPD blood proceeds at a signifi- 
cantly slower rate than in ACD blood, as 
shown in Figure 3, in which the values 
plotted represent net changes. Further 
study of the data indicate that this differ- 
ence is due to a rate of loss of 
hydrolyzable phosphate, and, that since the 
rate of loss of labile phosphate is about 


slower 


TABLE 2. Phosphate Partition Studies on Paired Aliquots of ACD and CPD Bloods 


Unit No. 
N1724-0 


Phosphate 
(mM/L) 


P, 
Py, 
Pu 
Ps 
Pro 


» 
I Total 


ACD 
N1723-0 P, 
Py 1.21 
Phosphate Pu 0.95 
(mM/L) Ps 5.25 
Pro 7Al 
8.48 


P, 2.81 

Py, 1.32 

Pu 1.01 

Py, 5.38 

Pro 7.71 

Protai 10.52 
P, = Inorganic Phosphorus 


P,, = Labile Phosphorus 
Py = Hydrolyzable Phosphorus 


Days stored 


/ 
3.00 
1.29 
1.13 
2.03 
4.45 


7.45 


3.03 
1.45 
1.31 
3.98 
6.74 
9.77 


3.05 
1.28 
0.93 
3.18 
5.39 
8.44 


2.90 
1.15 
1.31 
5.09 
7.53 


10.43 


lf 21 28 

1.83 5.13 5.36 
1.07 1.30 1.31 
0.61 0.22 
1.35 0.99 
3.03 2.42 
7.86 7.78 


0.90 
2.66 
7.79 


1.31 5.61 
1.05 1.06 
0.71 0.35 
4.11 2.58 
5.81 4.07 
10.18 9.68 


6.19 
1.37 
0.82 
1.74 
3.93 
10.12 


4.94 
1.20 
0.41 
1.90 
3.51 
8.45 


4.95 
1.56 
0.73 
1.47 
3.66 
8.61 


5.98 
0.92 
0.55 
0.88 
2.45 


8.48 


3.65 
0.93 
0.78 
5.16 
6.87 
10.52 


5.22 
0.93 
0.81 
3.56 
5.30 
10.52 


6.80 
1.04 
0.54 
2.14 
3.72 


10.52 


Stable Phosphorus 
lotal Organic Phosphorus 
Total Acid Soluble Phosphorus 
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Fic. 3. The net loss in total organic phosphate 
and increase in inorganic phosphate is significantly 
less in CPD than in ACD blood throughout storage. 
The difference is due to a slower rate of loss of 
stable phosphate (DPG). 


equal in both bloods, to a slower rate of 
loss of stable phosphorus (DPG). 
This conservation of the phosphate ester 


pool appears to correlate with a decreased 
rate of loss of viability during storage. 


Clinical Trials 

Clinical trials of CPD have been con- 
ducted at the Maine Medical Center, Port- 
land, Maine, the Children’s Hospital 
Medical Center, Boston, Massachusetts, and 
the Harrisburg Hospital, Harrisburg, Penn- 
sylvania. A dating period of 28 days was 
used in all three institutions. Whole blood 
only was transfused at the Maine Medical 
Center, and whole blood and packed red 
cells at the Harrisburg Hospital. Blood is 
collected in double bags* at Children’s 
Hospital Medical Center, permitting aseptic 
component separation, and data are avail- 
able on transfusion of whole units, and 
units subdivided into 250 and 125 ml. ali- 
quots of blood, packed cells, and plasma. 

A total of 90 CPD bloods were collected 
at Maine Medical Center during the period 
of April 18 to April 26, 1960. No difficulty 





* Fenwal Double Pack JD-2. 


in collection was encountered, and no clots 
were observed on storage. Eighty-three 
bloods were examined for plasma hemo- 
globin at the time of transfusion. Of these, 
seven had measurable amounts (0.09 to 
0.39 Gm. %) and all others were reporte: 
negative. 

A total of 50 patients were transfuse: . 
Bloods were issued for routine use and n> 
selectivity as to type of case was attemptec , 
the diagnostic categories being as follow::; 

Surgery: general 15 
open heart 
malignancy 
Cesarean Section 

Fracture 

G. I. bleeding 

Post-partum bleeding 

Uremia 

Erythroblastosis (exchange) 

Total 


No reactions attributable to the admin- 
istration of CPD blood were reported. It 
was the expressed opinion of the anesthesi- 
ologist, surgeons, and internists that the 


Z| 
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bloods were well tolerated.° 

At the Children’s Hospital Medical Cen- 
ter 500 CPD bloods were collected between 
June 27 and August 18, 1960, the disposi- 
tion thereof being as follows: 


Transfused as 500 ml. units 296 
Subdivided to yield for 
individual treatments 188 
Whole blood— 
250 ml. aliquots 
125 ml. aliquots 
Packed red cells 
‘Total treatments 
Not used 
Research 
Outdated 
Mechanical difficulty 
Clotting 
Incomplete bleeding 
Contamination 


Total 
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These 484 utilized bloods provided 518 
treatments for 272 patients, of whom 64 
vere infants, 199 children (up to 18 years), 
and nine adults. Eighty-two units of 
plasma were obtained as a by-product of 
preparation of packed red cells. 

No difficulty was experienced with for- 
riation of clots in stored blood. The super- 
ratant plasma of fully sedimented CPD 
blood at 28 days showed no hemoglobin 
cn visual inspection. One pyrexial reac- 
tion was reported. 

The CPD blood was well tolerated as 
evidenced by the absence of disturbance in 
hemodynamics or impaired renal function, 
even in cases in which the ratio of blood 
transfused to estimated total blood volume 
was high. 

At the Harrisburg Hospital 12 CPD 
bloods were administered to ten patients. 
Four given as whole blood had been stored 
17, 21, 23, and 25 days, and eight given 
as separated cells had been stored 16 (2), 17, 
20, 21, 24, and 27 (2) days.! 

There were no hemolytic or pyrexial re- 
actions. Plasma hemoglobin on the day of 
transfusion ranged from 1 to 10 mg. per 
100 ml. with no correlation of level with 
storage period. 

The increase in hematocrit ranged from 
1 to 4.5 volumes per cent, averaging 3.6, 
a figure representing a high percentage of 
transfused cells remaining in circulation. 


This finding was substantiated by the very 
slight increases in serum bilirubin meas- 
ured post transfusion. 

In these three institutions, 586 CPD 
bloods provided 622 individual treatments 
as single units or aliquots of subdivided 
whole blood, and packed red cells in 332 
patients. 

In Table 3 the distribution of transfu- 
sions, given as whole blood, subdivded alli- 
quots, or packed cells, is shown in relation 
to the storage period at the time of admin- 
istration. The largest percentage of bloods 
(42.1) were issued during the first week 
of storage; an additional 43.3 per cent dur- 
ing the second and third week, but 14.8 per 
cent were used during the fourth week. 
Further analysis of the 91 issued during the 
fourth week, reveals that single units of 
whole blood (500 ml.) represents 9 per 
cent, subdivided aliquots of whole blood 
(250 ml. and 125 ml.) 25 per cent, and 
packed cells 23 per cent of the total in each 
category. 

Many of the patients in these series re- 
ceived multiple transfusions. In the Maine 
Medical Center series, 22 patients received 
from one to six transfusions. The period 
individual patients were 
transfused varied from one to eight days. 
One patient received 6, one 5, and one 3 
units of blood within 24 hours. Bloods 
given as multiple transfusions to an indi- 


during which 


Taste 3. Distribution of CPD Bloods Transfused as Single Units or Subdivided Aliquots 
of Whole Blood, and as Packed Red Cells in Relation to Storage Period 


Maine 
Medical 
Center 


Whole blood 
500 ml. 250 ml. 


Days 
stored 500 ml. 
0-7 29 178 42 

3 - 13 62 19 
15-21 37 


22-28 19 


Children’s Hospital 
Medical Center 


125 ml. 


Harrisburg 
Hospital 


Whole 
blood 


Packed Per 
cells Total cent 


_ - 261 42.1 
128 = 20.7 


Packed 
cells 


142 226 


91 14.8 





296 


622 100.2 
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Taste 4. Multiple Infusions of CPD Blood in Open-Heart Surgery 


(From the service of Dr. Dwight E. Harken, Peter Bent Brigham Hospital, 
Boston, Massachusetts) 


Hospital 


number Diagnosis 


9P95 Aortic stenosis 


7N695 Atrial myxoma 
7N768 Aortic stenosis 
4P915 Mitral stenosis 


9P108 Mitral stenosis 


7P298 Mitral stenosis 


9P193 Mitral insufficiency 


4P786 Aortic stenosis 


4P808 Aortic insufficiency 


51692 Multi-valvular stenosis 


vidual were selected so as to be as nearly 
of the same storage period as possible. Five 
patients requiring more than two units 
received bloods stored six days or less, but 
five patients in the same category received 
bloods stored from 13 to 20 days. It is of 
interest to note that one patient received 
five units of 20-day-old, and one 6 units 
of 15-day-old blood. These transfusions 
were equivalent to about half and two- 
thirds of the estimated normal total blood 
volume. 

An even more striking situation was ap- 
parent in the Children’s Hospital Medical 
Center series. In 261 patients the ratio of 
total infused whole blood, packed cells, or 
plasma to normal blood volume was calcu- 
lated, the values of Brines,? et al. being 
used. Seventy-three per cent of the group 
received amounts ranging up to normal 
total blood volume, 18 per cent up to 


Time 
Hours Days 


Units 
given 


Days 
Operation stored 
Valve replacement 5 4 
Cardiotomy 6 2 
Valvuloplasty 9 1 
Valvulotomy 9 3 


Valvulotomy 17 


Valvulotomy 18 


Valvulotomy 
Valvulotomy 
Valve replacement 


Valvulotomy 


Total 


double, 6 per cent up to triple, 2 per cent 
up to quadruple, and 1 per cent up to 
quintuple replacement of total blood vol- 
ume. 


Had a 21-day dating period been applied, 
it is probable that many of these bloods 
or separated components would have been 
wasted. Since CPD blood meets the Na- 
tional Institutes of Health*+ requirements 
of 70 per cent post-transfusion survival after 
storage for 28 days, its use should greatly 
reduce loss of blood through outdating. 


Open Heart Surgery 


CPD blood has been successfully used 
for maintenance of blood volume during 
open heart surgery on the service of Dr. 
Dwight E. Harken, Peter Bent Brigham 
Hospital. The pump-oxygenator was 
primed with freshly drawn heparinized 
blood. 
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The quantity and number of days stored, 
«dministered in ten cases, is shown in Table 
. A total of 151 bloods were administered. 
\Vhile most of these were collected on the 
cay of operation, the use of CPD blood 
stored under routine blood bank conditions 
up to four days was apparently effective 
ond was not attended with untoward hemor- 
ihagic effect. 


Acknowledgments 

The authors wish to express their appreciation 
jor permission to present data obtained during 
‘linical trials to Dr. Joseph E. Porter, Pathologist 
ut Maine Medical Center, Portland, Maine; Dr. Alan 
tichardson Jones, Director of the Blood Transfu- 
sion Service, Children’s Hospital Medical Center, 
isoston, Massachusetts; Dr. Herbert Bowman of 
Harrisburg Hospital, Harrisburg, Pennsylvania; and 
to Lt. (jg) John W. Zemp, Blood Research Labora- 
tory, U.S. Naval Hospital, Chelsea, Massachusetts, 
for permission to present data on his phosphate 
partition studies of ACD and CPD blood. 


Bibliography 

1. Bowman, H. S. Personal communication. 

2. Brines, J. K., J. G. Gibson, 2nd and P. Kunkel: 
The blood volume in normal infants and 
children. J. Pediat. 18: 447, 1941. 

3. Crosby, W. H., J. I. Munn and F. W. Furth: 
Standardizing a method for clinical hemo- 


globinometry. U.S. Armed Forces M. J. 5: 
693, 1954. 

Department of Health, Education, and Welfare, 
Public Health Service Federal Register. Bio- 
logic Products, Whole Blood (Human). Wash- 
ington, D. C.: Government Printing Office, 
1957. (Section 42CFR731.) P. 6840. 

Fiske, C. H. and Y. SubbaRow: Colorimetric 
determination of phosphorus. J. Biol. Chem. 
66: 375, 1925. 


5. Gibson, J. G., 2nd and W. A. Scheitlin: A 


method employing radioactive chromium for 
assaying the viability of human erythrocytes 
returned to the circulation after refrigerated 
storage. J. Lab. & Clin. Med. 46: 679, 1955. 


. Gibson, J. G., 2nd, S. B. Rees, T. J. McManus 


and W. A. Scheitlin: A citrate-phosphate- 
dextrose solution for the preservation of 
human blood. Am. J. Clin. Path. 28: 569, 
1957. 

LePage, G. A.: Methods for the analysis of phos- 
phorylated intermediates in Umbreit, W. W., 
R. H. Burris and J. F. Stauffer: Manometric 
Techniques and Tissue Metabolism. Minne- 
apolis, Burgess Publishing Co., 1949, p. 185. 

Porter, J. E.: Personal communication. 

Walter, C. W., L. W. Button and R. E. Ritts, 
Jr.: An evaluation of human blood processed 
in plastic transfusion equipment.  Surg., 
Gynec. & Obst. 105: 365, 1957. 

Zemp, J. W.: Personal communication. 





Thymol Turbidity and Thymol Flocculation ‘Tests 
As a Screening Technic to Detect Blood Donors 
Carrying the Hepatitis Virus:* 


I. The Results of Screening 52,662 Consecutive Blood Donors 


Joun B. Atsever, M.D., James D. BARGER, M.D., Doris Priest, M.T. (ASCP), 
JOHANN Love, M.T. 


Southwest Blood Bank, Phoenix, Arizona 


“The thymol turbidity test was done by the Shank- 
Hoagland (pH 7.55) method and flocculation tests 
were done on all lipemic serum over 5.0 T.T. units. 
The mean for the readings on clear (nonlipemic) 
sera (87%) was 3.8 units, and the standard devi- 
ation 2.1. The screening level of abnormality at 
the 95% confidence level was 8.0 T.T. units in 
clear sera (or 8.0 T.T. units with positive floccula- 
tion in lipema sera), and 10.1 T.T. units (also 
with T.F. in lipemic sera) at the 99% confi- 
dence level. There were 5.4% and 1.7% “ab- 
normal” bloods, respectively. The values for all 
sera, including lipemic, were: mean 4.4, S.D. 2.7, 
or 9.9 T.T. units at the 95% confidence level and 
12.5 at 99%. A parallel study of the use of inacti- 
vated sera for the T.T. test is discussed. It lowered 
the T.T. values an average of 3.7 units but pro- 
ducd a more abnormal distribution of test results. 
Since the donors were healthy adults representing 
a good cross section of the adult population and 
the levels of abnormality (95 and 99% confidence) 
found for the test were considerably higher than 
that reported by most authors, the validity of the 
use of lower levels to screen blood donors is ques- 
tioned. The use of large numbers of acceptable 
blood donors may be a better way to establish 
normal and abnormal values for clinical laboratory 
tests. The incidence of hepatitis in transfused pa- 
tients, followed for six months, is reported in 
Part II. 


A NUMBER Of articles have appeared dur- 
ing the past several years relating to the 
use of the thymol turbidity test to screen 
blood donors in an effort to detect signifi- 
cant numbers of those who may be carriers 
of the serum hepatitis virus. In general, 
each author has employed a different 
screening level, but always higher than the 


* Received for publication March 4, 1961; ac- 
cepted June 3, 1961. 


“normal” value of five units (fasting su )- 
jects) and sometimes lower than eight unis 
(nonfasting subjects). However, with tv o 
exceptions, the data on which such selec c- 
tion was based have not been made ava |- 
able for evaluation, and in only one report 
has the level chosen been based on studies 
of the test in blood donors. Neefe and asso- 
ciates’? consider 5.5-6.6 units (mean + 2 io 
3 S.D.) as equivocal and over 6.6 (mean + 
3 S.D.) as definitely abnormal, based on an 
earlier study of normal, nonfasting, young 
adults by the Shank-Hoagland method (pH 
7.55). Jennings and associates? employed a 
screening level of eight Shank-Hoagland 
units or higher as abnormal, and Strumia 
and associates!! employed 6.8 units, but 
neither gave any supporting data. Max- 
well* used a value of 9.3 T.T. units (Shank- 
Hoagland), based on a 96.3 per cent confi- 
dence level in tests on slightly more than 
10,000 blood donors. 

The observations to be reported are based 
on the results of the thymol turbidity test 
values determined in 
blood donors, during the two-year period 
of the study, who were acceptable at the 


52,662 consecutive 


time they presented themselves according 
to nationally approved standards.®: 1° ‘This 
represents approximately 21,300 individ- 
uals, based on a review of the number of 
previous donations given in the preceding 
12-month period by every tenth donor dur- 
ing the year 1959. ‘This indicates there were 
approximately 8,000 who gave only once 
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during the two-year period, the remaining 
13,300 gave an average of 3.35 times, giving 
a total average of 2.47 donations per donor. 
I| is appreciated that this is a study of serial 
b'ood donations rather than a series of in- 
d vidual donors. On the other hand, it 
does reflect accurately the thymol values 
o! the total blood units available for use, 
aid the number of individuals involved is 
large enough to prevent any appreciable 
weighting of the total picture by repeat 
(‘abnormal’) donors. 


Materials and Methods 


All tests were carried out with the Bausch 
aud Lomb photocolorimeter, Spectronic 20, 
using Harleco (dry) Thymol Buffer #29951 
(pH 7.55), which was prepared, stored and 
used according to the instructions furnished 
by the manufacturer, modified to conform 


with Reinhold’s® excellent discussion of the 
thymol test technic. The only variation 
was that We did not use a 25 C. water bath 
for the test tube cuvettes, since the labora- 
tory temperature was quite constant (forced 
air-air conditioning). The photocolorimeter 
was standardized at zero daily, using the 
thymol reagent as the unknown. The do- 
nor’s serum was separated from the cells 
within 24 hours, usually within one to four 
hours, stored at 4-6C. but allowed to 
reach room temperature for testing. The 
thymol turbidity (T.T.) reading was re- 
corded in Shank-Hoagland units (pH 7.55) 
for all bloods, using normal (uninactivated) 
serum.** In recording the test results, a 


** For reasons to be discussed later, during the 
second of the two years of testing all sera with a 
T.T. value over five units were retested, using 
inactivated sera. 


Tas_e 1. Distribution of T.T. Values in 52,662 Donors 


o7 
4, of 


T.T. reading All tests total bloods 


0.0 - 09 1,383 
10- 19 5,531 
20- 29 10,468 
3.0- 3.9 11,671 
40- 49 7,086 


5.0 5.9 5,483 
6.0 6.9 3,703 
7.0 7.9 2,309 


8.0 8.9 1,712 
9.0 9.9 1,178 
10.0 — 10.9 592 
11.0 - 11.9 461 
12.0 — 12.9 332 
13.0 — 13.9 210 
14.0 - 14.9 124 
15.0 - 15.9 95 
16.0 — 16.9 116 
17.0 — 17.9 53 
18.0 18.9 56 
19.0 — 19.9 15 
Over — 20.0 104 


nonlipemic 


Per cent of 
nonlipemic in 


total bloods 


Total % of total 


nonlipemic 


36,139* 


94 
38 
34 
17 
18 
16 
12 

5 
15 





Totals 52,662 100.0 


45,922 372°" 


a 


* Lipemia not recorded below 5.0 T.T. units. 


** Lipemic sera comprised 12.8% of all bloods. 
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TABLE 2. Thymol Flocculation on Lipemic Bloods over 5 T.T. Units 


Number 
lipemic 


% of total 


T.T. reading lipemic bloods 


5.0- 59 
6.0 - 6.9 
7.0 7.9 


1,505 
941 
726 


8.0 8.9 161 
9.0 - 99 816 
10.0 10.9 417 
11.0 — 11.9 338 
12.0 — 12.9 238 
13.0 — 15.9 172 
14.0 — 14.9 90 
15.0 — 15.9 78 
16.0 — 16.9 98 
17.0 -— 17.9 37 
18.0 18.9 24 
19.0 — 19.9 10 
Over — 20.0 89 


% of total 
bloods 


% of 
lipemic bloods q% 
with positive of total 
TF. bloods 


Number 
positive 
T.F. 


257 
230 
186 


10.0 
(21.2 of group) 


354 
302 
164 
144 
114 
70 
46 
a 20.2 
(33.6 of group) 


8 
7 
4 


5 


49 





Totals 6,740 100.0 


12.8 


2,037 


* These comprise 27.6%, of all bloods in the 5.0 to 7.9 T.T. group. 
** These comprise 73.7% of all bloods in the 8.0 T.T. and over group. 


notation “L” was made if the serum was 
lipemic (turbid) and the T.T. value was 
five units or more. The presence of li- 
pemia was a visual judgment as to whether 
the serum was clear or showed distinct tur- 
bidity. The thymol flocculation test (T.F.) 
was done for confirmation on lipemic sera 
reading more than 5 T.T. units (the fasting 
normal) by allowing these tests (tubes) to 
stand for 24 hours at room temperature for 
the T.F. reading. It is well known® § that 
lipemic sera will give false positive T.T. 
tests and that the T.F. test is quite useful 
in determining which are true positives. 


Results 

Distribution of Thymol Turbidity Val- 
ues: A considerably wider variation in T.T. 
values was observed in this series of 52,662 
acceptable, apparently healthy, blood do- 
nors than was anticipated, as seen in 
Table 1. The results are shown separately 
for all tests (including lipemic sera) and 


for the 45,922 nonlipemic sera (87.2% of 
the total). Since the turbidity test is not 
reliable with lipemic sera, the 6,740 sera 
with T.T. values of five and over (12.8°,) 
were segregated and tested by the floccula- 
tion method. The distribution of the tur- 
bidity test values in clear sera shows that 
78.7 per cent of donor bloods were below 
5 T.T. units, 18.1 per cent between 5 and 
7.9 T.T. units and 3.2 per cent were 8 
or more. 

Thymol Flocculation Results in Lipemic 
Sera with Over 5 T.T. Units: Table 2 shows 
the results of the thymol flocculation test 
on the 6,740 lipemic sera. In the 5 to 7.9 
T.T. group, 21.2 per cent were positive, and 
in those over 8 T.T. units, 33.6 per cent 
were positive. However, the 673 positive 
flocculation tests between 5 and 7.9 T.T. 
units are but 1.3 per cent, and the 1,364 
positive tests in those with 8 T.T. units or 
more are 2.6 per cent, of the total number 
of bloods examined. 
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TABLE 3. Table of Significant T.T. Test Values 


Standard 
Mean deviation 


95% confidence level © 


+2S.D.¢ + 35S.D. 


99°%, confidence level 





All tests 4.4 


Nonlipemic tests 3.8 2.1 


9.9 T.T. units and over 


8.0 T.T. units and over 


12.5 T.T. units and over 


95.9%, of tests 97.1% of tests 


10.1 T.T. units and over 


96.7% of tests* 99.4% of tests** 


* As shown in Table 4, this becomes 94.6% of tests, when the results of the flocculation tests 


in lipemic sera are included. 


** This becomes 98.3%, of tests, when the results of the flocculation tests in lipemic sera are 


included. 


Means and Standard Deviations: The 
mean and standard deviation (S.D.) have 
been calculated for purposes of comparison 
both for the total group of 52,662 test sera 
and for the 44,259 nonlipemic test sera. 
These values and the levels of significant 
abnormality are shown in Table 3. AIl- 
though the values shown for the total group 
of bloods tested (mean = 4.4, $.D. = 2.7) 
are artificially elevated for the T.T. test 
because of the inclusion of all the lipemic 
sera, one can observe, comparing the two, 
that the distribution of lipemic sera was 
relatively proportional and did not greatly 
change the per cent of tests embraced 
within the + 2 S.D. and + 3 S.D. limits; 
also, the mean of all bloods available is use- 
ful for evaluation of the distribution of the 


bloods received by patients who were se- 
lected for the follow up study. The values 
(mean — 3.8, S.D. = 2.1) shown for the 
nonlipemic sera were used to establish the 
significant screening level. They indicate 
that the frequency distribution of the tests 
lies within reasonable limits of expectation. 
Because both levels have been employed for 
screening donors,*:7 we used both + 2 S.D. 
(the 95% confidence level), the value at 
which the test results are probably signifi- 
cantly abnormal, and + 3 S.D. (the 99% 
confidence level) , the value at which results 
are definitely abnormal. Therefore, T.T. 
values of 8.0 units or more in clear sera or 
8.0 units or more with a positive floccula- 
tion test in lipemic sera (a combined total 
of 94.6% of all tests), and 10.1 T.T. units 


Taste 4. Distribution of 52,662 “Normal” and “Abnormal” Bloods at Screening Level 
of 95% Significance* 


“Normal” 


Lipemic 


T.T. group Clear without with 


flocculation flocculation 


0.0 to 4.9 36,139 Not Not 
recorded 


5.0 to 7.9 8,323 2,499 673 


8.0 and Over 0 2,204 0 


Totals 49,838 


Lipemic 


recorded 


“Abnormal” 


Per cent 


Lipemic 
Clear with 
flocculation 


“Normal” “Abnormal” 
Not 
done 

0 0 


1,460 1,364 


* Clear sera 8.0 T.T. units or more; lipemic sera 8.0 T.T. units or more, with positive T.F. test. 
** At the 99% level of significance, there were 895 abnormal bloods (1.7%). The great majority 
of these were lipemic with a positive T.F. test. 
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TABLe 5. Effect of Inactivation of Serum on the T.T. Test* 


Caceres 
T.T. reading Unheated Heated ** % unheated % heated 
Ess. == 

0o- 49 = 4,864 0 54.9 
2,936 
1,983 
1,236 


1,598 
813 69.6 
548 


50- 59 
6.0 - 69 
70- 7.9 


33.4 


392 
243 


8.0- 89 917 
90- 99 631 


10.0 — 10.9 317 
11.0 -— 11.9 247 
12.0 - 12.9 178 
13.0 - 13.9 112 
14.0 - 14.9 66 
Over — 15.0 224 


Totals 8,847 


——— 


8,847 


91 
89 
54 
51 
19 
85 


a 


100.0 100.0 


* These 8,847 sera are 53.5% of the total originally 5.0 T.T. units or more. 
** Change in T.T. unit value: Average: 3.7 T.T. units lower. Range: from 2 higher to 10 T.T. 


units lower. 


+ When those without positive flocculation are excluded the “abnormal” sera over 8.0 T.T. 


units approximate 2%. 


or more with positive T.F. in lipemic sera 
(98.3% of the tests), were both used as the 
screening levels for the study of the inci- 
dence of apparent transfusion-caused serum 
hepatitis in patients receiving these bloods.' 
It was believed that comparison of the re- 
sults with and without inclusion of the 
equivocal test area (+ 2 to + 3S.D.) would 
be valuable, because the results ought to be 
more clear cut and reliable when only defi- 
nitely abnormal test results are considered. 
Of the total 52,662 bloods, 5.4 per cent 
(2,824) could be considered “positive” at 
the T.T. 8.0 unit and over range (95% con- 
fidence) for screening purposes and, at the 
10.1 unit level (99% confidence), there were 
only 1.7 per cent “positive,” as shown in 
Table 4. 

The Effect of Inactivation of the Test 
Sera: During the first year of the study, a 
series of about 80 donor sera which had 
been inactivated for the VDRL test (incu- 
bation at 56C. for 30 minutes), were acci- 
dentally used for the T.T. test. The 
mistake was detected at once because the 
distribution of T.T. values seemed to be 


too low in comparison with past experi- 
ence. Repetition of this test series with the 
original (uninactivated) sera confirmed 
this. During the remainder of the first year 
of the study, normal and inactivated sera 
readings were recorded for several hundred 
test sera to attempt to characterize and eval- 
uate the changes in the test results. Al- 
though considerable inquiry and _ study 
failed to provide an adequate explanation, 
it became apparent that, if the results were 
evaluated on the same tentative screening 
criteria (8.0 to 9.3 T.T. units? 4) which we 
assumed correctly would prove close to our 
calculated level of significance, the percent- 
age of “abnormal” tests by this modified 
method much more closely approximated 
the reported incidence of less than one per 
cent hepatitis carriers in the population 
and it was felt worthwhile to study this 
further for possible significance. Therefore, 
during the second year of the study, all sera 
with T.T. values of more than 5.0 units 
were retested after inactivation. The results 
are summarized in Table 5. There were 
8,847 such sera, 53.5 per cent of the total 
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number found to be 5 T.T. units and over 
during the entire study. The “rough” mean 
(era under 5 T.T. units were not tested) 
for this method for clear sera was found 
t be 2.7 T.T. units. However, this was 
d termined after including the sera of 
5 T.T. units or less which were tested dur- 
in g the same period, with the T.T. values 
r duced to a slightly lower figure, based 
u.on our original observations of the sev- 
e al hundred sera tested both ways. The 
siandard deviation was found to be 2.1, 
v hich indicated the screening level of prob- 
able significance (+ 25S.D.) was 6.9 T.T. 
vaits and 9.0 units for definite abnormality 
(+ 35S.D.), considerably lower than the 
rsults on unheated serum. The high vari- 
aiions observed between the two tests at 
eich level of original T.T. value accounts 
for the high standard deviation. Total in- 
activated sera T.T. values were an average 
o! 3.7 units lower, and varied from a few 
with slightly higher values (1 to 2 units) 
to a few lowered as much as ten T.T. units. 
We still have no adequate explanation for 
this other than the obvious: that inactiva- 
tion in some way alters the lipoprotein 
fractions of the serum. 


Discussion 


The wide variation in the results of the 
thymol turbidity test in 52,622 consecutive 
blood donors who were normal and healthy 
enough to be accepted, according to na- 
tionally approved standards, merits some 
comment. The test, ordinarily employed 
as a diagnostic aid in patients with known 
or suspected liver disease, is stated’ to have 
an upper limit of 5 Shank-Hoagland units 
at PH 7.55 in “normal” fasting individuals 
and an upper limit of 8 units in nonfast- 
ing persons. Although Neefe and associ- 
ates? found, in a control series of normal, 
nonfasting, young adults, a mean of 3.3 
Shank-Hoagland units, a + 25S.D. value of 
5.5 and + 38.D. value of 6.6 T.T. units, 
the present study shows a mean of 3.8 T.T. 


units, a + 25S.D. of 8.0 and + 3S.D. of 
10.1 T.T. units in a very large series of 
apparently healthy, adult blood donors 
(45,922 were nonlipemic sera). It is note- 
worthy that the only other similar study* 
of blood donors which has been reported, 
and in one other study of nonfasting 
adults,’ the results very closely approximate 
ours. However, it was not stated whether 
either included both clear and lipemic (tur- 
bid) sera. Because lipemia does cause false 
positive T.T. tests, it seemed essential to 
us that high T.T. results in such sera be 
confirmed by the presence of flocculation®: & 
and that they be excluded in computing 
the mean and standard deviation to estab- 
lish the criteria of abnormality. 

It must be emphasized that these indi- 
viduals represent a good cross section of 
the healthy working population. Based on 
a review of over three thousand consecutive 
donors, their age distribution is approxi- 
mately: 4 per cent from 18 to 20, 31 per 
cent from 21 to 29, 34 per cent from 30 to 
39, 24 per cent from 40 to 49, and 7 per 
cent from 50 to 59. They have the follow- 
ing reasonably representative, occupational 
distribution:’ Craftsmen, 21 per cent; La- 
borers, 19 per cent; Armed Services, 14 per 
cent; Operatives, 14 per cent; Service Work- 
ers, 10 per cent; Professional Technical, 5 
per cent; Sales, 4 per cent; Clerical, 3 per 
cent; Housewives, Managers, Students, Fore- 
men, and Farm Laborers, about 2 per cent 
each. They represent a quite stable popu- 
lation group, for 72 per cent are permanent 
residents of the community when they serve 
as blood donors and many give blood re- 
peatedly. In our opinion, it is quite pos- 
sible that, in this large group, the 1.7 per 
cent of blood units with “definitely abnor- 
mal” T.T. values (by the + 35S.D. criteria 
used in our series) were drawn from indi- 
viduals (about 370) who have had in the 
past some illness (viral) or toxic insult 
(drugs, alcohol) which has left them with 
residual liver disease and a truly abnormal 
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thymol turbidity test. It is considered less 
likely that the 5.4 per cent “abnormal” at 
the + 25S.D. (equivocal) level (about 1,200 
persons) actually had significant liver dis- 
ease. Since the usual method of estab- 
lishing the “normal” range of a clinical 
laboratory test, as well as the significant 
“abnormal” values, is to test a group of 
normal, young, healthy persons, one won- 
ders whether this method may not usually 
produce “ideal” rather than “practical” 
levels which can intelligently be applied to 
a cross section of the adult population. 
Perhaps, the use of blood donors for such 
purposes has a very real and practical value. 
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Thymol Turbidity and Thymol Flocculation ‘Tests 
As a Screening Technic to Detéct Blood Donors 
Carrying the Hepatitis Virus:* 


II. The Results of Follow Up Studies of Six Months or More 
on 2,385 Transfused Patients 


Joun B. Atsever, M.D., JAMEs D. BARGER, M.D. 


Southwest Blood Banks, Phoenix, Arizona 


six-month follow up study showed a hepatitis 
case rate of 1.55% in 905 patients receiving “ab- 
normal” blood and 0.88% in 1,480 receiving nothing 
but “normal” blood, based on screening at the 95% 
confidence level of 8.0 T.T. units in clear sera and 
in lipemic sera of 8.0 units or more with a positive 
flocculation test (from studies of 52,662 consecutive 
donors reported in Part I). Significantly, screening 
at the 99% level gave less specific results: a 1.06% 
rate in controls and 1.42% in the test cases. The 
observed differences in rates are not statistically 
significant: twice the standard error of the differ- 
ence in percentages is 0.9%, the Chi Square test 
showed P — 0.15 (at 95%) and 0.70 (at 99%). 
The donor (unit) case rates were essentially iden- 
tical (0.346) in the test series and in the controls 
at both screening levels and the difference in hepa- 
titis case rates was exactly proportional to the 
difference in the average donor exposure of the two 
groups at each screening level. The two groups 
of cases received 14% of the total blood units avail- 
able and this was representative of the total avail- 
able as judged by the mean T.T. values of blood 
received by the study cases. There was a steady 
increase in the hepatitis case rate from 0.6% in 
single unit transfusions (29% of cases) to 2.6% 
when four units were used, with a rate of 1.1% in 
those receiving five units or more (19%), suggesting 
the risk of hepatitis is maximal in transfusions of 
four or more units. Cogent reasons are presented 
for abandoning attempts to use nonspecific liver 
function tests for donor screening to eliminate 
significant numbers of donor carriers. 


CONFLICTING reports have appeared in 
the literature during the past several years 
regarding the efficacy of one or more of 
the liver function tests in detecting a sig- 
nificant number of donors who may be 
carriers of the hepatitis virus. The most 
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frequently used has been the thymol tur- 
bidity test (T.T.) because of its relative 
low cost and simplicity. Screening has been 
done both at the 95 per cent confidence 
level (+ 2 Standard Deviations) and at the 
99 per cent confidence level (+ 3 Standard 
Deviations). Neefe and co-workers,!! Jen- 
nings and co-workers,> Strumia and co- 
workers,!4 and Norris and co-workers!? all 
have suggested that the use of a T.T. 
screening level appreciably above normal 
will be of significant value (statistically 
valid) in detecting prospective blood do- 
nors who are virus carriers. Contrariwise, 
Loder,’ Rosenberg,!3 Katz and associates,® 
and, recently, Maxwell® have not been able 
to demonstrate the usefulness of the T.T. 
test for this purpose. (Both Strumia and 
Katz also used other liver function tests in 
addition to the T.T. test in arriving at 
their conclusions.) Several of these reports 
have been discussed in more detail in a 
previous publication.! More recently, Bang 
and associates} reported evidence from 
which they conclude that elevated serum 
transaminase (SGOT) levels are present in 
a significant percentage of hepatitis virus 
carriers, and Bowers and co-workers* have 
suggested that the same relationship may 
hold when elevated levels of serum isocitric 
dehydrogenase activity (ICD) are present 
in prospective donors. 

Because the risk of the accidental trans- 
mission of serum hepatitis is one of the 
most serious problems today in blood 
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transfusion therapy, and because its con- 
tinued occurrence is a frequent source of 
legal action against physicians, hospitals 
and blood banks, it seemed important to 
study further the possibility that a liver 
function test could aid significantly in the 
prevention of this hazard. Therefore, this 
study was undertaken in December 1957. 
The screening of donor bloods was discon- 
tinued in January 1960 and the patient 
follow up studies were completed in Decem- 
ber 1960. 
Method 

“Results of the Thymol Turbidity and 
Flocculation Screening of the donor bloods 
used in this study has been presented in 
detail elsewhere.2 The screening level of 
significant abnormality for clear sera was 
found to be 8.0 T.T. units or more at the 
95 per cent confidence level (equivocal) and 
10.1 T.T. units at the 99 per cent confi- 
dence level (definitely abnormal). As previ- 
ously pointed out, high T.T. values in 
turbid sera are often false positives.? There- 
fore, only lipemic sera of 8.0 units or more 


and 10.1 T.T. units or more, respectively, 
with a positive thymol flocculation test 
(T.F.) were considered significantly abnor- 
mal. The “abnormal” bloods comprised 5.4 
per cent of the total tested at the 95 per 
cent confidence level, and 1.7 per cent at 
the 99 per cent level. 


Initial (Tentative) Selection of Patients 
for Follow Up Study was accomplished in 
the following manner. All bloods with 
“abnormal” test values of 8.0 T.T. units 
or more were listed and their use was 
traced. Every tenth blood with “normal” 
test values was also listed and traced. If 
an “abnormal” blood was used in a local 
(Phoenix) hospital, this patient was then 
listed for follow up six months later, and 
two patients in local hospitals, who had 
received “normal” blood collected at about 
the same time, were selected as controls. 
The selection of twice as many control pa- 
tients was done in an effort to obtain a more 


equitable proportion of followed cases to 
total cases in the two groups: (a) patients 
receiving “abnormal” blood, the test grou), 
and (b) patients receiving nothing bi 
“normal” blood, the control group. Sin» 
it is well known that the actual numbcr 
of hepatitis cases which occur and will |: 
found on follow up is much greater tha 
the number voluntarily reported, and sin: e 
many selected would have to be excludk 
iater because they would also receive “u :- 
known” units, or would shift from tl e 
control to the test series; the follow up 
equal numbers in the two groups cou 
easily “load” the study by chance, becau < 
only a relatively small per cent of patien 
receiving transfusions would receive “a >- 
normal” blood (at the 95 per cent con 
dence level only 5.4 per cent of the tot 
blood units were ‘“‘abnormal’). 


Interim Procedure: Each selected patieit 
was listed and followed in respect to identi- 
fication of all other units of blood or blood 
derivatives received, both for several months 
prior to the “key” unit and during the 
ensuing six-month period. All such uniis 
were listed on each “‘case’”’ card. 

Final Selection: At the end of six months, 
the “‘case’”’ cards were reviewed and either 
accepted or rejected for follow up study. 
All cases receiving one or more units of 
“abnormal” blood were accepted for the 
test group, and all cases who received noth- 
ing but blood found to be “normal’’ by the 
T.T. (or T.F.) test were accepted for the 
control group. Once a month, the names of 
the patients approved for follow up were 
sent to the hospital where the blood had 
been administered to obtain the name of 
the patient’s physician and the patient's 
home address. 


Follow Up of Selected Cases: Each pa- 
tient’s physician was then contacted and 
requested to complete a “follow up ques- 
tionnaire” specifically concerning possible 
viral hepatitis. Whenever no report was 
received after a reasonable period, or when 





on 
ot. | 


leit 
en ti- 
lood 
nths 

the 
nits 


iths, 
ther 
udy. 
s of 
the 
oth- 
the 
the 
2s of 
were 
had 
e of 
ent’s 


pa- 
and 
jues- 
sible 
was 
then 


FOLLOW UP STUDIES OF SCREENING TECHNIC 297 


tie physician’s contact with the patient was 
{or a period of less than six months, the case 
yas referred to the Visiting Nurse Service 
for a home call. The nurses obtained the 
recessary information indirectly under the 
guise of a “posthospitalization health 
s irvey.” 

As the acceptable follow up reports (six 
rionths or more) were received from either 
source, the “case’’ card was reviewed: (1) 
i1 negative reports (no viral hepatitis) all 
| lood units in the study administered up to 
sx months before the date the patient was 
| ist seen by the physician or contacted by 
tie Visiting Nurse Service were included; 
(2) in positive reports (viral hepatitis) all 
s.udy bloods used up to 40 days prior to 
follow up had to be included routinely as 
possible sources. All others were excluded 
from consideration, unless a “short incuba- 
tion” serum hepatitis? could be verified. 

Criteria for the Diagnosis of homologous 
serum jaundice, presumably due to blood 
transfusion, were as follows: (1) The onset 
of symptoms (usually jaundice) must have 
occurred between the 40th and 180th day 
alter the date(s) of administration of the 
blood unit(s) apparently responsible; (2) 
if the patient was hospitalized and/or 
studied by a clinical laboratory, the results 
of appropriate liver function tests* must 
be compatible with the diagnosis of viral 
hepatitis; (3) if the patient was treated 
entirely at home, confirmation of viral hep- 
atitis was based on the symptoms, severity 
and duration of the hepatitis and the ab- 
sence of any other apparent cause; and (4) 
there must have been no evident exposure 
to infectious hepatitis within the previous 
15 to 40 days. 

Criterion (1), above, requires comment. 
Although the usually accepted incubation 
period for serum hepatitis is 60 to 160 
days,!15 we believe that both shorter and 
longer incubation does occur occasionally 
with the SH virus and that it was, therefore, 
reasonable to accept a lower limit of 40 
days, the maximum incubation period gen- 


erally accepted for the infectious (epi- 
demic) “type,!5 and an upper limit of 180 
days. While it is recognized that short incu- 
bation serum hepatitis (less than 40 days) 
may occur after transfusion,? presumably 
transmitted by donors who are carriers of 
the IH virus A rather than the SH virus B, 
we did not feel justified in accepting a lower 
limit of less than 40 days for routine use. 
Our experience in the follow up of more 
than 150 reported cases has convinced us 
that an incubation period of less than 40 
days post-transfusion is quite rare in pa- 
tients with typical, acute viral disease of the 
liver, including adequate laboratory studies 
(especially the transaminase) , who have not 
had known exposure to infectious hepatitis 
within the previous 15 to 40 days. All 
reported cases are studied as carefully as 
circumstances permit. When the diagnosis 
is clear, or when lack of adequate informa- 
tion leaves it in doubt, the short incubation 
case is considered to be possibly transfu- 
sion caused. 

The study was carried out over a period 
of nearly three years and the splendid co- 
operation received throughout from the 
hospitals, the physicians, and the Visiting 
Nurse Service is directly responsible for 
the success of the follow up program. 


Results 


Of the 3,942 cases available for six-month 
follow up, it was possible to trace 2,771 
(70%), of whom 386 (16% of those fol- 
lowed) had expired prior to the six-month 
period, leaving 2,385 cases with a satisfac- 
tory follow up. Because of the large num- 
bers of tourists and itinerant farm laborers 
in the Phoenix area, it is not surprising that 
1,171 (30%) of the cases selected had left 
the area and could not be traced. Table 1 
shows the details of blood usage by the 
2,385 followed patients and Table 2 shows 
the serum hepatitis case rates found in the 


* Preferred tests were: serum transaminase, direct 
and indirect serum bilirubin, thymol turbidity, and 
cephalin flocculation. 
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Taste 1. Blood Usage in the Followed Cases at the 95%, and 99% Screening Levels 
SN 


Number Total 
Followed cases of 
cases used 


95%, 1,480 3,743 


Control 99%, 1,964 6,080 


95% 905 1,038 


“Abnormal” : ye 
99% 421 1,701 


number of “Abnormal’*‘Abnormal” 
units used 


blood units 


Per cent of 

total units 
(52,662) 
used in 

study cases 


Average Total Average 
T.T. units T.T. units 
used used 
2.53 
3.09 
4.46 
4.04 





Totals 2,585 7,781 


two groups of cases. Both tables show re- 
sults at the 95 per cent and 99 per cent 
confidence screening levels. It will be noted 
that there are, at the 95 per cent confidence 
level, 1,480 control cases (all units of 
known “normal” blood) and 905 test cases, 
or 38 per cent of the total (one or more 
units of “abnormal” blood). The average 
use of blood by the 905 test cases (4.46 
units) was almost twice as much as used 
by the control series (2.53 units), but each 
group used about the same percentage of 
the total bloods issued for use during the 
study period, amounting together to 14.8 
per cent of the blood. At the 99 per cent 
screening level, there are 1,964 control cases 
and 421 test cases (18% of the total), the 
average blood use (3.09 and 4.04, respec- 
tively) becomes more similar, but the test 
cases used only 3.5 per cent of the blood. 
Note that, although the donor exposure 
of controls and test cases differs more at the 


3.26 


lower than the higher screening level, th 
exposure to “abnormal” bloods does no . 

At the 95 per cent confidence level, thei: 
were 13 cases of hepatitis found in the 
control group, a case rate of 0.88 per cen., 
and 14 cases found in the test group, a case 
rate of 1.55 per cent. The rate for the entire 
group of 2,385 followed cases was 1.13 per 
cent. Analysis at the 99 per cent confidence 
level is shown in the last two columns of 
Table 2. The less significant results, a 
control case rate of 1.06 per cent and a test 
case rate of 1.42 per cent, are noteworthy 
and demonstrate the paradoxical results 
when the equivocal test results are excluded 
and only the definitely abnormal are used. 
These results are quite comparable to, al- 
though slightly higher than, the rates Max- 
well® reported in followed cases at the 95 
per cent confidence level (0.68% in controls 
and 0.69% in test cases). 

All of these 27 cases met the criteria for 


TAasBie 2. The Incidence of Serum Hepatitis 


95% Confidence Level 


Serum 
hepatitis 


Number 


J ed cases 
Followe 1 ca of coms 


Control 1,480 13 


“Abnormal” T.T. 905 14 


Totals 2,385 27 


99% Confidence Level 


Serum Case 
hepatitis rate* 


Case Number 
rate* of cases 


0.88%, 1,964 21 
1.55%, 421 





1.13% 2,385 


* Standard Error of Difference in Rates, significant difference is more than 0.9%. 
Chi square, P — 0.15 for 95% Confidence Level; P — 0.70 for 99% Level. 
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serum hepatitis previously described. It is 
o! some interest to point out that, in spite 
o| widespread knowledge of the study 
among the area physicians, only eight of 
the cases were voluntarily reported, 14 were 
reported by physicians on receipt of the 
fllow up questionnaire, and five were 
found later through the home calls made 
by the Visiting Nurse Service. In this last 
g oup of cases, the original physician had 
lost contact with the patient and another 
paysician was consulted for care of the 
hepatitis illness. In each of these instances, 
it proved possible to obtain verifying labora- 
tory and other data from either the attend- 
ing physician or the hospital pathologist. 
There were no cases of verified ‘short incu- 
bation” serum hepatitis, although infectious 
hepatitis was endemic in the area during 
the study. At the 8.0 T.T. level, there were 
97 cases who received two “abnormal” units 
with two cases of hepatitis, 15 received three 
with one case, and three received four with 
no cases. At the 10.1 T.T. level, there was 
one case of hepatitis in 35 receiving more 
than one “abnormal” unit. 

The higher incidence of serum hepatitis 
observed in the cases receiving “abnormal” 
T.T. blood is not statistically significant at 
either screening level and, in fact, is almost 
exactly proportional to the observed differ- 
ence in the donor exposure of the two 
groups at both screening levels. The stand- 
ard error of the difference between the case 
rates observed is 0.45 per cent, therefore, a 
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significant difference would have to be 
greater fhan 0.9 per cent. The observed 
difference is 0.67 per cent at the 95 per cent 
level and only 0.36 per cent at the 99 per 
cent level. The Chi square test of signifi- 
cance at the 95 per cent level shows that P 
= 0.15 and at the 99 per cent level P — 0.70. 
The generally accepted criteria of signifi- 
cance in the Chi square test are that P must 
be less than 0.01 for a positive conclusion of 
validity, that between 0.01 and 0.05 results 
may be significant, and that P values of over 
0.05 indicate that the observed difference 
is not significant. The donor case rate 
(“carrier” donors) is 0.3469, (one in 288 
donors) , as shown in Table 3, and differs 
by only 0.001 per cent in the control and 
test groups at the 95 per cent screening 
level and not at all at the 99 per cent level. 
The true donor carrier rate probably ap- 
proaches | per cent, because immunity is 
known to exist in some 50 to 60 per cent 
of the population.? The donor case rate 
is based on the belief that presumably only 
one of the bloods used in each case of serum 
hepatitis transmitted the virus responsible 
for the disease. 

It is of interest to compare the two groups 
further. Table 4 shows the mean values of 
the T.T. test results both at the 95 per cent 
and 99 per cent screening levels for the 
bloods used by the control group, the test 
group, the cases of hepatitis in each group, 
and for all bloods available during the 
study. The mean values for all bloods in- 


TABLE 3. The Donor Case Rates 


95% Screening Level 
Number 
of donors 

(units used) 


Serum 
hepatitis 


Followed cases 


Control 3,746 13 


“Abnormal” 4,038 14 


Donor (unit) 
case rate* 


0.347%, 21 
0.346% 6 


99% Screening Level 
Number 
of donors 

(units used) 


Serum 
hepatitis 


Donor (unit) 
case rate* 


0.346%, 
0.346%, 





Totals 7,784 27 


0.346% 


7,784 27 


0.346% 


* Standard Error of Difference in Rates, significant difference is more than 0.26%. 
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TABLE 4. The Mean T.T. Values of Bloods Used in the Study Cases 
at the 95% and 99%, Screening Levels 


2,385 
Total Cases 
(7,784 units) 


Mean T.T. 
Mean T.T. nonlipemic Mean T.T. nonlipemic Mean T.T. nonlipemic 
all blood blood 


Followed cases 

all blood blood 
95%, 4.0 3.5 
Control 99%, 45 3.9 
a 95% 6.0 4.7 
Abnormal 99% 6.6 5.1 


Totals 5.0 4.3 


volved and the mean values for the non- 
lipemic bloods only are tabulated for each 
group. The differences certainly are not 
remarkable at the 95 per cent screening 
level, since somewhat higher mean values 
would be expected in the test cases (re- 
ceiving 21% of “abnormal” blood). On 
the other hand, there is an apparently real 
difference at the 99 per cent level, especially 
in the group of hepatitis cases in the “ab- 
normal” series. However, it seems evident 
from the total figures that the followed 
cases received a representative 14.8 per cent 
of the total blood available during the study 


27 Total Available 
Hepatitis Cases Blood 
(104 units) (52,662 units) 


Mean T.T Mean T.T. 
all blood blood 
4. 3.8 

3.8 

4.1 


5.1 


4.0 





different from those given to others in ea h 
study group. 

Table 5 shows the distribution of casvs, 
per units transfused at the 95 per ceat 
screening level. Single unit transfusions 
were given to 35.5 per cent of control cases 
and 19.4 per cent of the test cases, a total 
of 29.4 per cent in the study. Two to four 
unit transfusions were received by 51.3 per 
cent of the study group. Five or more units 
were received by 19.3 per cent. (At the 99 
per cent screening level only 16 per cent 
of the test cases received single units and 
68 per cent five or more. The six hepatitis 
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period and that the 27 cases of hepatitis 
received bloods which were not appreciably 
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6 - 10 z. 15.4 
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20 - 25 0.6 


Over 25 0.7 
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26.5 7 
15.0 3 
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TABLE 6. Other Liver Disease 


‘ 


i 


Diagnosis 


Control series 


Test series 


grrr nn 


Toxic (drug) hepatitis 

Carcinoma of the liver 

Cirrhosis of the liver 

Common duct stone 

Hepatitis, non-viral (diagnosis confirmed; 
30 days post-transfusion) 


Hepatitis, viral, infectious (epidemic) 
(diagnosis confirmed; 19 days post-transfusion) 


Total 


per units transfused is not large enough to 
compare hepatitis case rates in the test 
groups with the corresponding control 
groups. However, in the total study group, 
22 of the 27 cases of hepatitis occurred in 
the 1,925 patients (80.79%) who received 
one to four units, there being five cases in 
the remaining 460 patients (19.3%) re- 
ceiving five units or more. Interestingly, 
there is a steadily increasing incidence in 


these larger total groups of cases receiving 
one through four units (0.6%, 1.1%, 1.4% 
and 2.6%, respectively). Although the case 
groups are small and the hepatitis cases 
few, the rate for all cases receiving five units 
or more is, in fact, slightly lower (1.09 
versus 1.14%), in spite of the increasing 


donor exposure. This suggests that the 
critical point in an increasing donor ex- 
posure versus an increasing risk of hepatitis 
may lie at about the level of four units 
of blood. 

Other forms of liver disease were ob- 
served in ten of the followed cases, as shown 
in Table 6. There were five such cases in 
each series of patients, including two cases 
in which possible SH with “short incuba- 
tion” periods of 19 and 30 days had to be 
ruled out. After careful study, the case of 
non-infectious hepatitis in the high T.T. 
series could not be considered as possible 
serum hepatitis because the clinical course 
and the liver function tests were not com- 


9 1 


2 


0 


patible with acute viral hepatitis, although 
the blood received was “definitely abnor- 
mal.” The one case of typical viral hepa- 
titis occurring in the high T.T. series was 
diagnosed as Infectious (Epidemic) Viral 
Hepatitis because of the positive history of 
exposure 25 days prior to onset. This case 
received blood with an “equivocal” T.T. 
test result. 

In addition to the cases of hepatitis in 
the study group, there were 18 cases of 
apparent transfusion-caused viral hepatitis 
reported voluntarily among the transfused 
patients not selected for follow up. A total 
of 43,878 units of blood was used in the 
Phoenix area during this period for these 
patients. Based on the average use of blood 
by the study group, these units were admin- 
istered to approximately 13,460 patients, 
a case rate of 0.13 per cent—slightly more 
than one-tenth of the rate of 1.13 per cent 
in the followed group, which compares 
favorably with Maxwell's’ observations. 
Four of these 18 cases received only “un- 
known” units (from other banks—no T.T. 
test); seven received “known” thymol units 
(all “normal’”) plus one or more “un- 
knowns”; and seven received nothing but 
“known” thymol units. Only one of these 
last seven cases (all “known” units) oc- 
curred in a patient receiving T.T. blood 
which was in the “equivocal” T.T. test 
range. 
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The Results with Heated Sera,? as ex- 
pected from analysis of the test results, 
showed no improvement in specificity over 
the data just reported. Re-sorting of the 
followed cases, based on the 6.9 T.T. or 
more (95°, confidence level) screening 
value established for the test on inactivated 
clear sera and 6.9 T.T. or more with posi- 
tive flocculation on inactivated lipemic sera, 
gave a control group of 1,882 cases with 20 
cases of hepatitis (case rate 1.06%) and 455 
test cases with five cases of hepatitis (case 
rate 1.08%), and a rate for the total group 
of 1.07 per cent. Forty-eight of the original 
test cases (including two of the hepatitis 
cases) had to be discarded because all bloods 
“abnormal” to the standard T.T. test had 
not been retested by this method. 


Discussion 


The results reported here substantiate 
the recent work of Maxwell® and earlier 
studies by Loder,? Rosenberg,' Katz, et 
al.,6 and confirm their conclusion that the 
thymol turbidity test is of no value in iden- 
tifying a significant number of virus carriers 
among blood donors. The significant data 
were presented and evaluated at both the 
95 per cent confidence level (+ 25S.D.) and 
at the 99 per cent confidence level (+ 3 
S.D.) because studies in the literature’: !!. 12 
have used both criteria. However, these 
levels were determined on clear sera, be- 
cause lipemia often causes false positive 
results.2 Lipemic sera were considered ab- 
normal only if the T.F. test was also posi- 
tive. The fact that the results obtained at 
the 99 per cent level of positive abnormality 
were poorer than when the equivocal tests 
(+ 2 to 3 S.D.) were also included is para- 
doxical and is believed to be of considerable 
import. One would expect that the reverse 
would be the case in a test of significant 
value in the detection of donor carriers. 

We feel entirely justified in not including 
the two cases in Table 6 which might have 
been considered as “possible” serum hepa- 
titis because a different diagnosis was made, 


based on careful clinical and laboratory 


studies. The case of infectious hepatitis 
received three units of blood, one of which 
was “abnormal” at the 8.0 T.T. unit screen- 
ing level, and this case was one of many 
occurring in the area at that particul:r 
time. The other case, non-viral hepatitis, 
received a single unit, “abnormal” at the 
10.1 T.T. screening level. In any event, 
inclusion of these cases at the 95 per ceit 
screening level would not quite reduce tie 
Chi square P value below the significait 
level of 0.05, nor increase the difference n 
rates to a significant value. There would |e 
no change at the 99 per cent screening lev: |. 
It should also be emphasized that there are 
seven cases among the 18 reported outsi le 
of the study group, six of whom received 
only known “normal” thymol blood and 
“abnormal” blood, but with an 
“equivocal” test result. These should be 
considered as well as the two cases just 
discussed in fully evaluating the report, for 
they add some weight even though they 
were not selected for the follow up study. 


one known 


It is of interest that the incidence rates 
which we observed in the followed cases, 
although slightly higher, rather closely 
approximate those found by Maxwell.8 The 
fact that he did not employ the T.F. test 
to validate high T.T. results in lipemic 
sera as we did perhaps accounts for the 
higher case rate in our test series, since this 
reduced the number of followed cases re- 
ceiving “abnormal” blood. The similarity 
also exists in the voluntarily reported case 
rates in the patients who were not followed 
in both studies, our findings again being 
somewhat higher. Both of these studies 
serve to emphasize the common observation 
that voluntary reporting is usually poor in 
diseases where isolated cases are not orii- 
narily a particular hazard to others. Un- 
fortunately, this makes it more difficult for 
blood banks to protect patients against 
donors who might thereby be excluded as 
“suspect carriers” of the virus by biologic 
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criteria* previously described.!. In our 
opinion, the evidence here presented, to- 
gether with the studies by Maxwell® and 
others,® 7,13 far outweighs the evidence pre- 
sented by Neefe,!! Jennings,’ and Strumia,'4 
which led them to recommend that the use 
ol these tests would significantly reduce the 
incidence of hepatitis. 

The National Cancer Institute!? pub- 
lished a pertinent bulletin on the principles 
and criteria for the evaluation of screening 
tets for the early detection of cancer in 
1950. It seems to us high time that similar, 
sound criteria of validity be applied by 
workers who evaluate tests of various sorts 
employed in an effort to screen out blood 
donors who are likely to be carriers of the 
hepatitis virus. The two situations are quite 
similar in that the cancer screening test is 
not diagnostic for cancer, but must be 
rather specific, and a positive test must be 
confirmed by appropriate diagnostic meth- 
ods. In other words, such a test for donor 
screening should also be reasonably specific 
for the carrier state rather than a nonspe- 
cific measure of liver function, which bears 
no such direct relationship. These criteria 
of specificity were developed after a careful 
statistical study of the requirements for 
an acceptable screening test for cancer. To 
summarize, a test will be considered valid 
and become acceptable for use for this pur- 
pose, if it is sufficiently specific that: (1) it 
will be positive in at least 90 per cent of 
patients subsequently found to have early 
cancer, and (2) there will be less than 5 
per cent of false positive results. Let us 
apply these excellent criteria of specificity 
to our attempt to employ the presence of 
significantly abnormal thymol turbidity 
levels to screen out blood donors who are 
virus carriers. At the + 2 S.D. level, the 
T.T. test was positive in one or more units 





* These provide that a suspect donor is excluded 
unless: 1) he can be recontacted to confirm the 
negative history concerning the possibility of earlier 
virus hepatitis or exposure to it, 2) he has on record 
with us at least two prior donations within the 
previous six to 18 months which did not result in 


of blood used by only 52 per cent (14 of 
27) of the followed cases who acquired 
serum hepatitis. It was also positive in one 
or more units of blood used by 891 patients 
who did not get the disease—98.6 per cent 
false positive results. At the + 3 S.D. 
(99°) level, the test was even less dis- 
criminatory; there were but 22.2 per cent 
(6 of 27) correct positives and 98.6 per 
cent (415) false positives. This seems to us 
such poor accuracy as to make the use of 
the thymol turbidity test unreasonable and 
unacceptable for the screening of blood 
donors.t 

The thymol turbidity test and all other 
available chemical tests of liver function are 
nonspecific and are designed only to detect 
a malfunction of the liver as an aid in the 
differential diagnosis of patients with clini- 
cally evident or suspect liver disease. Since 
by no means the majority of carriers have 
abnormal test results, none of the available 
tests can be used successfully, either singly 
or in combination, to detect the presence 
of this specific entity, the presence of the 
hepatitis virus in a prospective donor. Let 
us stop trying to use such tests for a func- 
tion they can not perform, thereby con- 
tinuing to delude many responsible for the 
collection and administration of blood 
(and the public), and to add strength to 
the case of the plaintiff who sues_be- 
cause of alleged transfusion-caused serum 
hepatitis. 





presumed transfusion-caused virus hepatitis in the 
patient, and 3) he is not the only donor involved 
(single unit transfusion) or is a second “offender.” 


+ To satisfy ourselves that we were not being too 
arbitrary concerning a test which eliminated about 
one half of the cases of apparent transfusion-caused 
serum hepatitis at a screening level of + 2 S.D. 
(95%), we indulged in an exercise employing non- 
scientific donor criteria to evaluate this series of 
cases. The results were not unexpected. Donors in 
the 30 to 39-year age group were associated with 
66 per cent of the cases, those whose first initial 
was “J” or “R” with 61 per cent, and, when the 
sum of the last two digits of the blood (donor) unit 
numbers was “11” or “14,” these donors were in- 
volved in 50 per cent of the cases. These _per- 
centages were all much higher than their normal 
occurrence (34, 28 and 13%, respectively) in a 
series of over 3,000 donors. 
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Notation for the Kell Blood-Group System* 


/ 


Frep H. Aten, Jr., M.D.,** RicHarp E. RoseNFIELD, M.D.*** 


From The Blood Grouping Laboratory of Boston,** and the Department of Hematology, 
the Mount Sinai Hospital, New York*** 


THE RECENT discovery of several new types 
within the Kell blood-group system has sug- 
geted that it may prove to be as complex 
as are the Rh and MNS systems. The 
present chaotic condition of nomenclature 
in the Rh and MNS systems suggests the 
desirability of choosing a better notation 
fo Kell while this can still be done with 
eae. The following notation, adapted from 
the Salmonella classification of Kauffmann,4 
is proposed. It is similar to a notation for 
Rh proposed by Rosenfield and Allen.¢ 
Numbers are used instead of letters for 
each qualitatively different kind of anti- 
serum that defines the presence or absence 
of a serological property inherited as part 
of the Kell blood-group system. It is be- 
lieved that numbers are less likely than 
letters to imply an unproven antigenic de- 
terminant or an unsupported  sub-locus 
within a complex gene. The term “anti- 
genic determinant” refers to a chemical 
structural grouping, on an antigen, which 
(1) directs the specificity of antibody incited 
by the antigen, and (2) reacts with the 
specific combining site on the antibody 
molecule. A “sub-locus within a complex 
gene” refers to a hypothetical site of muta- 
tion responsible for a single antigenic de- 
terminant. There is no proof that sero- 
logical reactions define single antigenic 
determinants. Antigenic determinants can 
be defined precisely only by elucidation of 
their chemical structure. 
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Phenotypes 

Table 1 shows the Kell phenotypes now 
known. All but the last have been pub- 
lished previously.5. McLeod is described in 
a separate communication.! The original 
names (Kell, Cellano, Penney, etc.) that 
were used for antiserums of the Kell system 
are retained, but are given also a numerical 
designation in the order of their discovery. 
Kell is K1, Cellano is K2, etc. K5, detected 
by the Peltz serum, was originally termed 
“Ku.”3 The short names (e.g. Kell+-) for 
phenotypes will undoubtedly be used in 
active laboratories, as they have in the past. 
The full names are taken from the observed 
reactions with the five known reagents. The 
letter K is followed by a colon, then by the 
numbers corresponding to the antibodies 
that are used in testing. To show that no 
reaction is observed, a minus sign is in- 
serted before the number, and a weak vari- 
ant is indicated by preceding the number 
with the letter “w.” 

If only anti-K1 is used in testing, the re- 
sults are designated K:1 or K:—1 (or Kell+, 
Kell—). Similar use of the other terms, K2 
to K5, singly or in combinations, may be 
employed as desired or needed. This per- 
mits latitude in designating the results of 
whatever tests are done. 


Genes 


In Table 2 are shown the designations 
for the complex genes. The basic symbol, 
K, is always italicized, but is capitalized 
only when the gene determines one or more 
recognizable antigenic determinants. A 
lower case letter, k, is employed only to 
designate the amorphic gene, which pro- 
duces none of the known antigenic deter- 
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TABLE 1. Known Phenotypes of the Kell Blood-Group System—1960 


Antigenic structure of phenotypes as 


Short name Full name Kl 


shown by reactions with 
various antiserums 


K2 K3 K4 K5 


Approximate 
frequency 


Kell Cellano Penney Rautenberg Peltz 


Kell+ 

Kell— 

Cellano— 
Penney+ 

Kell+, Penney+ 
Rautenberg— 


K:1,2,—3,4,5 
K:—1,2,—3,4,5 0 
K:1,—2,—3,4,5 

K:—1,2,3,4,5 

K:1,w2,3,4,5 
K:—1,w2,3,—4,5 
K:—1,—2,—3,—4,—5 
K:—1,w2,—3,w4,—5 


Peltz type 
McLeod type 


minants of the Kell series. Previous blood 
group notations have failed to change lower 
case letters after the discovery of antigenic 
determinants produced by genes so desig- 
nated, and this has led to much confusion. 
This corrected use of the symbol k should 
not be a serious source of confusion if, in 
new papers for the next few years, authors 
include a brief table defining the terms. 
Genes other than k are characterized by 
superscript numbers showing the antigenic 
determinants produced, or not produced, 
by them. 

With the exception of the uncommon 
gene k, Kell genes produce either K1 or K2. 
Thus far there is no evidence of the exist- 
ence of a gene that produces both KI and 
K2, though the data are scanty and mostly 
statistical in nature. (There is no excess 
of K:1,2 children from matings in which 


09 
88 


02 
004 
.0002 
0001 
0001 


coo++4+4steceo 


both parents are K:1,2.) Similarly, ll 
genes except for k produce either K3 or 
K4, but (so far as known) no gene pro- 
duces both. 

Gene k produces none of the known anti- 
genic determinants of the Kell series. Mrs. 
Peltz, of the rare homozygous genotype kk, 
developed anti-K5, which indicates that the 
gene k does not produce K5. No antigenic 
determinant has been found that has the 
same reciprocal relation to K5 that KI and 
K2 have to each other. K5 is extremely 
common (+ .9999); therefore, an alterna- 
tive antigenic determinant would be ex- 
pected to be uncommon (+ .02, or possibly 
much less frequent). Each of the uncom- 
mon antigenic determinants so far described 
has been shown not to be the alternate of 
K5. This constitutes part of the evidence 
for considering gene k to be an amorph. 


Taste 2. Allelic Genes of the Kell Blood-Group System—1960 


Gene products as revealed by serological 
reactions observed in known homozygotes 


Kl K2 K3 
Penney 


Full name Kell Cellano 


K},-2,-3,4,5 + 0 
K-1,2,-3,4,5 0 f- 


0 
0 
K-1,w2,3,-4,5 0 +4. 
0 


k 0 


K4 K5 
Rautenberg Peltz 


Approximate 
frequency 
045 
+.935 
01 


+.01 
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All the well-studied Kell genes except k 
produce K5, though there are unpublished 
data,2 in addition to that on the blood of 
M*. McLeod (Table 1), suggesting the ex- 
istence of genes besides k that do not. 

it is evident that anti-K5 is not needed to 
difierentiate any of the present Kell pheno- 
types or alleles, but it may be of value in 
the future. Thus K:1,—2,—3,4 means the 
same now as does K:1,—2,—3,4,5, but the 
term K:1,—2,—3,4 indicates that anti-K5 was 
no: employed. 


Inierpretation of an Alternative Theory 


Race and SangerS mention an alternative 
interpretation of the facts, which assumes 
that one type of Kell gene produces only 
KI, a second allelic gene produces only K2, 
a third allele produces only K3, and a rare 
recessive amorph produces no known anti- 
genic determinant. Anti-K4 of Table 2 is 
considered by this theory to consist of anti- 
body molecules having one specific com- 
bining site for KI] and another specific com- 
bining site for K2 (for which there is no 
supporting data nor proven immunological 
analogy) , or a cross-reaction (anti-K1 that 
cross-reacts with K2). Anti-K5 of Table 2 
is also considered to be a cross-reaction: 
this, too, lacks supporting data and fails to 
recognize the structural groupings respon- 
sible for cross-reactions. To explain the 
reaction of anti-K2 with phenotype K:1,w2, 
34,5, it might be postulated that anti-K2 
cross-reacts with K3. Unfortunately, this 
theory is not subject to proof, though it 
might be disproved if incorrect. Actually, 
recent developments! 2 provide some evi- 
dence against it, three bloods having now 


been found (including McLeod, shown in 
Table 1), that apparently lack K5 while 
having both K2 and K4. 


Summary 


A new notation for the Kell blood-group 
system is presented, based on numbers in- 
stead of the familiar letters. It is hoped that 
this notation will be adopted to help deter- 
mine whether a purely numerical system 
would be suitable for use with the more 
complicated Rh and MNS systems. It is 
suggested that when the new notation is 
used in new publications, a brief statement 
of the equivalent terms in the old and new 
notations be made at the beginning. 
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Principles of Blood Group Serology and Nomenclature:* 


A Critical Review 


ALEXANDER S. WIENER, M.D. 


From the Serological Laboratory of the Office of the Chief Medical Examiner of New York City, 
and the Division of Immunohematology of the Jewish Hospital of Brooklyn 


The A-B-O group system of man is used as a 
model to explain the principles of blood group 
serology and nomenclature. A correct nomenclature 
must take into account three kinds of entities, 
genes, the gene products (agglutinogens or pheno- 
groups), and the serological specificities (or blood 
factors). The tendency in the past to equate 
agglutinogen with blood factor has been a pitfall, 
which has given rise to fallacies and errors in 
studies on the human A-B-O groups and especially 
the Rh-Hr types. The requirements for a suitable 
terminology for the A-B-O groups are demonstrated, 
and it is pointed out that the same principles have 
universal applicability not only to other blood 
group systems in man, but also to studies on the 
blood groups of infra-human species, and antigens 
of soluble proteins, bacteria and viruses. 


‘THE INVENTION of appropriate terminol- 
ogy and notations is as vital for the progress 
of the biological sciences as is the use of 
suitable signs and symbols in the mathe- 
matical and physical sciences, and as is 
lexicography for writers, speakers, and 
common men who must communicate with 
one another. Every new branch of science 
must necessarily develop its own special 
terminology, in order to facilitate communi- 
cation and resulting advances in knowledge. 
Only recently, for example, a special con- 
ference was held by workers concerned with 
the nomenclature of hemoglobin variants, 
and another dealing with notations for the 
human chromosomes. This is also an im- 
portant problem for investigators in the 
field of blood grouping. 





* Received for publication May 15, 1961; accepted 
June 14, 1961. 
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The purpose of a nomenclature is to 
express facts which must be stated e-. 
peatedly in terse symbols or abbreviatio \s. 
Thus, physicians and nurses use TPR | or 
temperature, pulse and respiration, mat .e- 
maticians use + and — symbols instead of 
the words add and subtract, and letters such 
as x and y instead of the phrase “unknown 
quantity”; and, similarly, blood group 
workers require their own specialized sym- 
bols. Appropriate symbols make possible 
the terse presentation of information with- 
out distortion of facts and without ambi- 
guity. For example, in human_ blood 
grouping, “group A blood” is a terse way 
of saying “blood which has erythrocytes 
capable of being agglutinated by a serum 
with the specificity designated anti-A, and 
having in the serum (or plasma) isoanti- 
bodies of specificity anti-B, if the individual 
had passed the neonatal period.” Since my 
own interests have principally been in the 
field of human blood groups, this and al- 
most all other examples I shall cite deal 
with man. In fact, we are now in the 
midst of a controversy regarding nomen- 
clature that threatens to interfere with the 
future progress of our knowledge regarding 
the Rh-Hr types. This is not the first con- 
troversy that has arisen regarding nomen- 
clature for human blood groups. The 
earlier controversy regarding the A-B-O 
groups has been resolved reasonably satis- 
factorily, but, sadly, workers have appar- 
ently learned little from the experience, or 
the present controversy would have been 
avoided. 
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Nomenclature of the A-B-O Blood Groups 
n the case of the A-B-O groups, at one 
tine there were three competing nomen- 
claures. The four classic blood groups, 
which are now designated as O, A, B, and 
A]., were formerly also designated I, I, III, 
an'| IV according to Jansky’s terminology, 
ras IV, I, III, and I according to Moss. 
the clinician the numbers were appeal- 
ing —all he had to know was that there are 
r blood groups, and if his patient needed 
‘-ansfusion, the blood required could be 
ered by number. On the other hand, 
slligent use of the lettered designations 
.essitated at least a rudimentary knowl- 
ve and understanding of what the letters 
represented. The average man is as lazy 
as ne dare be, and if he can get by without 
bothering to learn something new, he will. 
Therefore, as long as it was respectable to 
use the Moss and Jansky symbols, and edi- 
tors of journals permitted their use, they 
survived. Unfortunately, there are 4! (or 
24) ways of arranging four things, and, 
in fact, Moss’ and Jansky’s I and IV were 
interchanged. This led to misunderstand- 
ing, and even to a number of deaths from 
transfusing blood of the wrong group. This, 
nevertheless, was not sufficient to stop the 
Moss and Jansky enthusiasts. 


Two things helped to resolve the situa- 
tion, namely, the exigencies of World War 
II, and the progress of knowledge regarding 
the A-B-O groups. The exigencies of war 
could brock no nonsense, so that abruptly 
the numbers of Moss and Jansky were 
dropped. Also, interest in the heredity of 
the blood groups and their medicolegal 
application in cases of disputed parentage 
made individuals aware of Bernstein’s triple 
allele theory, involving the three genes 4, 
B, and O, to explain the heredity of the 
groups. The mating of parents O x AB, 
yielding 50 per cent group A and 50 per 
cent group B children, is readily under- 
stood, but not when written as mating I 
[V, yielding children of groups II and III. 


Moreover, further studies on serology dis- 
closed at least two varieties of agglutinogen 
A, resulting in six groups instead of only 
four, namely, O, A;, Ao, B, A,B, and A.B. 
As an exercise, one might try to prepare a 
table of the serology and genetics of the 
A-B-O groups and subgroups within the 
narrow confines of the numbers I, 2, 3, 4, 
with, if desired, 5 and 6 added. Such an 
exercise will make clear why, after 1940, in 
medical and other scientific journals the 
International A-B-O Nomenclature was 
used exclusively. 

The experience with A-B-O nomencla- 
ture teaches a number of lessons. First of 
all, in science, if semantic difficulties and 
other problems of communication are to 
be avoided, a single uniform terminology 
is essential. The use of more than a single 
symbol for the same thing necessitates trans- 
lation from one to the other, and in the 
process errors can occur, as demonstrated 
by the experience with the Moss and Jan- 
sky numbers. Secondly, no symbol can be 
completely self-explanatory, except, per- 
haps, to one already thoroughly familiar 
with the subject. Group A is so designated 
because the cells react with anti-A serum, 
but not with anti-B serum, etc., and when 
one learns that the letter O means the 
failure to react with anti-A or anti-B, the 
symbols are to a certain extent self-explana- 
tory. But the serologist also knows that 
group O means the presence of anti-A and 
anti-B in the serum, a fact that the neo- 
phyte must learn. To make the notations 
“clearer” some workers have used the sym- 
bols O28, AB, Ba, and ABo, to represent 
the four groups. However, symbols are 
devised for the convenience of workers in 
a field, and not merely to be intelligible to 
beginners. It is up to the neophyte to learn 
the meaning and proper use of the symbols 
peculiar to the science in which he is inter- 
ested, rather than for scientists and tech- 
nical journals to bring their writings down 
to the level of persons who do not know the 
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Tasie 1. The A-B-O Groups and Subgroups 
sci gina gina 


Reactions of cells with 
Anti-A, 


Group Anti-A Anti-B 


subject. Moreover, the attempt to include 
everything that is known about the subject 
in the symbols or names would entail 
changes in terminology every time some 
new discovery is made, and if certain re- 
ported observations later prove to be in- 
correct, disastrous confusion could result. 
It is clear, therefore, why symbols like Oz@, 
Ag, Bz, and ABo have not taken the place 
of the simpler symbols currently in use. 

Another significant fact is that the sym- 
bols O, A, B, and AB differ but little from 
the symbols C, A, B, and AB originally 
used by Karl Landsteiner,’ who discovered 
the blood groups. This is as it should be, 
because the invention of symbols is the 
prerogative of the discoverer, who with his 
insight is also best equipped to find the 
appropriate symbols to represent the facts 
he has uncovered. 


Some Limitations of the International 
Nomenclature for the A-B-O Groups 


The presently used symbols for the 
A-B-O blood groups, though vastly su- 
perior to the Moss-Jansky numbers, still 
leave something to be desired. In addition 
to the meanings assigned to symbols when 
they are originally defined, there are other 
interpretations that the symbols themselves 
may suggest. These additional meanings 
implicit in the symbols, if incorrect, are 
dangerous and can do great damage. They 
insidiously cause one to make certain tacit 
assumptions, which can give rise to miscon- 
ceptions that color one’s judgment when 
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A\Al, M10, and A\A? 
A242 and A*°O 

BB and BO 

A\B 
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interpreting findings. Thus, the fact ¢ vat 
group A cells react with anti-A serum le ids 
one to postulate the existence of an aiti- 
genic substance (or agglutinogen) A; si ni- 
larly, group B cells are considered to h wve 
the agglutinogen B, and group AB cells he 
two agglutinogens A and B. When a sim) lar 
interpretation is found to hold for otie: 
blood group systems like the three \\-N 
types, M, N, and MN, this leads to the tacit 
assumption of a one-to-one correspondence 
between agglutinogen and antibodies. F ur- 
thermore, since subgroup A, cells also react 
with anti-A, serum, while subgroup A, cells 
do not, it may seem natural at first to as- 
sume that subgroup A, cells have two 
agglutinogens A, and A. In fact, in his 
book Dacie! writes “group A, is probably 
of genotype AA,, and group A, of geno- 
type AO.” However, if this interpretation 
were correct, then in the mating A, x 0, 
half the children should be of genotype 4'O 
and half of genotype AO. 

However, the actual situation is quite 
different.!® 1° It turns out that three kinds 
of families with parents A,  O exist; in 
some all the children are subgroup A,; in 
others half are subgroup A, and half group 
O; and there are also occasional families 
with children half subgroup A, and hall 
subgroup A,. Thus, to account for the sub- 
groups, we can postulate four allelic genes, 
A', A*, B and O with A' and A? taking the 
place of Bernstein’s gene A, so that indi- 
viduals of subgroup A, can belong to any 
of three genotypes, 4!A!, A!O, or A!A? (see 
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ible 1). Gene A! appears to give rise to a 
1e product (or agglutinogen) A,, with 
.o serological specificities A! and A. Such 
ological specificities are known also as 
od factors. In the case of agglutinogen 
the two blood factors are inherited to- 
her as a block, so that in the mating 
x O, the children either have both 
|yod factors or neither. At any rate, it is 
eady clear that a one-to-one correspond- 
e between agglutinogens and antibodies 
es not obtain, in the case of the sub- 
gioups of A. Instead, it is now well estab- 
lished that every antigenic substance or 
agzlutinogen has multiple corresponding 
antibodies.23, 24 
Blood Factor C: Another example of the 
failacy of the one-to-one concept is pro- 
vided by studies on individuals of group O. 
The serum of such individuals reacts with 
cells of groups A, B, and AB, but not group 
O, presumably because they contain a mix- 
ture of anti-A and anti-B agglutinins. In 
fact, as expected, when group O serum is 
absorbed by group A cells until it no longer 
reacts with such cells, it continues to react 
with group B and group AB cells; and, 
similarly, after absorption by B cells such 
serum still reacts with A and AB cells. 


Antigen A 


COCOO PE PUEP UP EPOUO OEP EEapeeened 


When titrations are carried out, however, 
it is found that not infrequently absorption 
with A cells reduces the titer for B cells, 
and, reversely, absorption with B cells re- 
duces the titer for A cells. Advocates of 
the naive one-to-one hypothesis “explain” 
this simply by postulating a linkage be- 
tween molecules of anti-A and anti-B ag- 
glutinins, or by postulating antibody mole- 
cules with two combining groups, anti-A 
and anti-B. When sufficient group A blood 
is injected into a group O person to raise 
his anti-A titer, the anti-B titer is often 
raised as well, and absorption of the result- 
ing serum with A cells reduces both the 
anti-A and anti-B titers.21 The one-to-one 
protagonists then “explain” this by assert- 
ing that injections of A cells “nonspecifi- 
cally” stimulate also a rise in anti-B titer, 
and that the newly formed anti-A and 
anti-B antibody molecules link together. A 
simpler and more reasonable explanation 
is that group A and group B cells share a 
common serological specificity to which 
may be assigned the letter C, and that group 
O serum contains in addition to anti-A and 
anti-B, the third antibody anti-C. This 
latter interpretation is set out in table 2, 
and, diagrammatically, in Figure 1. 


Anti-B 


4A 


| Y 
he | S| | 
Antigen B 


PPEUDOP Pee Pee epee 


Fic. 1. Diagrammatic representation of the nature of cross-reactions. 
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TABLE 2. The Blood Factor C of the A-B-O Groups* 


Agglutinogens 


Group present 


Oo pa 
A A 
B B 
AB A and B 


Blood factors 


A and C 
B and C 
A, B and C ae 


Antibodies in serum 
_ Anti-A, anti-B and anti-C 


Anti-B 
Anti-A 


* This table shows how the nomenclature of the A-B-O groups is modified to take into 


account blood factor C. 


There is still another phenomenon that 
refutes the concept of one-to-one corre- 
spondence between antigen and antibody, 
namely, so-called non-reciprocal reactions. 
For example, anti-rhesus serums produced 
by immunizing rabbits or guinea-pigs with 
M. rhesus blood clump preferentially hu- 
man Rh-positive cells, yet anti-Rh serums 
produced by injecting Rh-positive blood 
into human Rh-negative subjects fail to 
clump rhesus red blood cells. A diagram- 
matic representation of such reactions is 
given in Figure 2. 

The interpretation of the reactions as 
suggested by the present author, provides 
the key to the solution of a medical mystery. 
There is a hemolytic anemia which occurs 


in the newborn, and which has been trac 2d 
to an incompatibility between the A-B O 
groups of mother and child, due to the 
action of the mother’s isoantibodies on the 
baby’s red cells. It turns out that in almost 
all cases the mother is group O and tue 
baby group A or group B, although, theo- 
retically, one might expect a certain nuin- 
ber of cases with mother group A and baby 
group B or AB, and other cases with mother 
group B and baby A or AB. The explana- 
tion of this phenomenon proves to be that 
the antibody responsible in most cases is 
not anti-A or anti-B, but anti-C, which only 
group O persons can produce.?2 Inciden- 
tally, it is easier to visualize a simple anti- 
body molecule anti-C passing through the 


99h. i! 


Fic. 2. Diagrammatic representation of the nature of nonreciprocal reactions. 
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pl icental barrier, than linked antibodies, 
anti-A+B. 

Here we must pause to see how the termi- 
nology of the A-B-O groups can be im- 
proved to take these additional facts and 
pr nciples into account, in order to prevent 
any false implications by the symbols. An 
id-al nomenclature must take into account 
th ee kinds of biological entities, namely, 
th: genetic determinants or genes, the gene 
products or agglutinogens, and the sero- 
lovical specificities of each agglutinogen or 
its blood factors. Therefore, the Committee 
on Medicolegal Problems of the American 
Medical Association,2° in conformity with 
A. S. Wiener’s suggestion, has recommended 
that the symbols for genes and genotypes 
be printed in italics, symbols for agglutino- 
gens and phenotypes in regular type, and 
symbols for blood factors and their corre- 
sponding antibodies in boldface type. For 
example, gene A! gives rise to the agglutin- 
ogen A,, which, as we have seen, has at 
least three blood factors, A,, A and C. In 
Table 2, the A-B-O nomenciature has been 


modified to take these principles into 
account. 


Multiple Serological Specificities (Blood 
Factors) of Agglutinogens 


These facts now suggest a new problem. 
The serological specificities or blood factors 
of an agglutinogen presumably have a 
chemical or molecular structural basis. 
Each blood factor implies a combining site 
where the antibody can combine with the 
antigen. One possibility is that each sero- 
logical specificity requires a separate mole- 
cule, so that an agglutinogen with multiple 
blood factors, though determined by a 
single gene, is not one but several sub- 
stances. Another possibility is that only a 
single molecule is involved, but that each 
blood factor requires a separate combining 
site within the molecule. These two expla- 
nations do not differ essentially, and do 
hold in some cases. For example, as Wiener 
and others have shown,!? type Rh, cells 


blocked by coating them with anti-Rh, still 
can react” with anti-rh’, showing that the 
combining site for anti-Rh, is separate from 
that for anti-rh’ within the agglutinogen 
Rh,. If this explanation held universally, 
it is obvious that there would have to be a 
finite limit to the number of blood factors 
an agglutinogen could have. However, there 
is, as Wiener!” has pointed out, a third pos- 
sibility, namely, that the combining sites 
for different antibodies may overlap (cf. 
Fig. 1, 2). For example, Richardson-Jones 
et al.12 have carried out “blocking” tests 
which indicate that in agglutinogen A the 
combining sites determining blood factors 
A and C overlap, and, similarly, in agglu- 
tinogen B, the combining sites for anti-B 
and anti-C overlap. Since combining sites 
can overlap, it follows that, theoretically, 
the number of blood factors characterizing 
any agglutinogen is actually unlimited. In 
fact, Wiener!® has asserted repeatedly that 
the number found is limited only by one’s 
enterprise and ingenuity in searching for 
and finding antibodies of new specificities. 
Evidence in support of this prediction has 
been provided especially by studies on the 
M-N-S and Rh-Hr types in man, as well as 
by the studies of Stormont, Owen, Irwin, 
Briles, and numerous other workers on the 
blood groups of animals, worked out in 
greatest detail for cattle.14 However, in this 
paper the balance of the discussion will be 
limited chiefly to the A-B-O blood groups. 

Blood Factor H: Using absorbed bovine 
sera, Schiff!! first showed the existence of an 
antibody, anti-O, reactive for human group 
O cells. Landsteiner and Levine? found a 
similar antibody in the serum of certain 
individuals of subgroups A, and A,B, and 
since the antibody also reacted with A, 
cells (but not A,), they also used the desig- 
nation anti-A, for this agglutinin. (Today, 
the antibody is known simply as anti-H, 
although the reasons that originally led to 
the introduction of the term anti-H are 
probably fallacious, i.e., to distinguish two 
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Pasir 3. Reactions of Cells of Subgroups A, and A, with Various Antisera* 


Reactions with 


Blood of 


subgroup Anti-A, 


A, + + 
As + i 


Anti-O (or 


anti-A.) Blood factors present 


A and A, 
A and O (or A,) 


* This table illustrates the distinction between antigens and their serological specificities as 


applied to the subgroups of A. 


forms of the antibody, a “natural” form, 
designated anti-H, and an “immune” form, 
called anti-O.) According to Landsteiner 
and Levine's observations, the reactions of 
cells of the subgroups A, and Ay, are as 
shown in Table 3; thus, blood of subgroup 
A, kas the two factors A and A,, while 
blood of subgroup A, has the two factors 
A and As. Fora short time Landsteiner and 
Levine therefore used the terminology AA,, 
AA,, AA,B and AA.B for the four sub- 
groups. When it was realized from genetic 
studies that factors A and A, are merely 
two serological specificities of a single anti- 
genic substance A,, and, similarly, for A 
and Az, the symbols for the two subgroups 
were then shortened to A, and A, re- 
spectively. 

Other Blood Factors of the Group A 
and Group B Cells: Antisera of specificities 
anti-A and anti-B are usually produced by 
immunizing human volunteers with solu- 
tions of group substances, and they have 
also been produced by immunizing rabbits 
with human red cells,'6 and still others 
have been prepared from seed extracts (lec- 
tins) .!!_ No matter what the source of the 
reagent may be, when human red cells are 
typed by two or more potent reagents in 
parallel, identical reactions are obtained, 
which would appear to indicate that all 
the reagents contain antibody molecules of 
identical serological specificities. On the 
contrary, there is evidence that anti-A and 
anti-B sera, whether of “natural” or “im- 


mune” origin contain a spectrum of anti- 
bodies of different though related speci- 


ficities. This has been demonstrated by 
studying the reactions of sich 
reagents with red cells from infrahun an 
species. 


cross 


Schiff and Adelsberger!? found that w! en 
selected rabbits are immunized with hunian 
group A blood, antisera are often obtaiied 
which are hemolytic for sheep cells in high 
dilutions, while antisera prepared by in- 
jecting sheep cells into rabbits may have 
high titers for human group A, but not [or 
group B cells. This indicates that human 
group A red cells share a serological speci- 
ficity with sheep cells, and the common 
blood factor has been designated F,, be- 
cause of its similarity to the Forssman 
antigen. Further studies on the cross reac- 
tions of anti-A serum with the blood cells 
of infrahuman species have disclosed still 
other blood factors, e.g., a blood factor 
shared with pig red cells and_ therefore 
designated AP has been described in the 
recent literature on the subject. 

Similarly, studies of the cross reactions 
anti-B serum 
have disclosed that these may possess a 
multiplicity of serological specificities. For 
example, group B cells share a blood factor 
with rabbit cells, as shown by the fact that 
some anti-B sera are absorbed almost as 
well by rabbit cells as by human B cells, 
while other anti-B sera react exclusively 
with human B cells. Studies on the blood 
cells of other animals, such as guinea-pigs, 
rats and have disclosed _ still 
further specificities, so that 
human group B cells may be assigned a 


, 


of “natural” and “immune’ 


opossums, 
serological 
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series of blood factors designated B,, B,,, 
B, , Bi, etc., depending on the nature 
of the cross reactions of the correspond- 
ing antisera. 9 


Nature of Agglutinogens 


.lthough the concept of an agglutinogen 
as he gene product is convenient and use- 
ful one must bear in mind that agglutino- 
gers have never been extracted in pure 
forn from red cells, and the existence of 
suc 1 entities is inferred rather than proved. 
If, in conformity with the gene theory, we 
postulate the existence at a certain locus on 
a pair of chromosomes of genetic deter- 
miners or functional genes for the A-B-O 
groups, then every individual has a pair 
of genes of each variety. Thus, every per- 
sons A-B-O genotype comprises a pair of 
genes, one inherited from each parent. 
Accordingly, appropriate in vitro tests will 
establish an individual’s phenotype, which 
represents the product of a pair of genes, 
and there is no direct way to determine the 
ellect of a single gene. The available evi- 
dence argues against the view once held 
that the agglutinogen is the direct product 
of its corresponding gene; besides tests on 
spermatozoa (or ova) each of which the- 
oretically should contain but a single A-B-O 
gene yield no useful results. Therefore, 
the product of the hypothetical A-B-O 
genes must be deduced from the phenotypic 
effects of pairs of genes comprising the indi- 
This depends on the 
tacit assumption that the products of the 
genotype is the simple sum of the products 
of its pair of genes. 

As a matter of fact, there is evidence that 
the phenotype is not merely the sum of the 
products of the two genes that make up 
the genotype. For example, red cells of 
individuals of subgroup A, (genotype A?O) 
react much more strongly with anti-A sera 
than ceils of subgroup A.B (genotype A2B) , 
although both presumably depend on the 
same single gene A2. The answer may be 
that the two genes of the genotypes com- 


vidual’s genotype. 


bine to produce not two (or more) agglu- 
tinogens, but only one with two determi- 
nant groups. In A.B cells there may be 
steric interference within the agglutinogen 
molecule, and the propinquity of the side 
chain for B may interfere with the union 
of anti-A with the side chain for A. What- 
ever the correct explanation, the concept 
of a gene and its product the agglutinogen 
is a useful approximation that facilitates 
one’s understanding of the hereditary trans- 
mission of the blood groups. 

When the blood of individuals has been 
found to possess several serological speci- 
ficities or blood factors it is important to 
know whether these represent a_ single 
agglutinogen or more than one agglutino- 
gen. This is determined by family studies. 
For example, in the mating AB x O, the 
factors A and B separate in the children 
proving that they are attributes of different 
agglutinogens. On the other hand, in the 
mating A, « O, with A, and O children, 
the children either have all the factors A, 
A,, C, Fy, or none, showing that A, Aj, 
C and F, are attributes of a single agglutin- 
ogen. This application of genetics to serol- 
ogy is a most fruitful development, and this 
alone justifies the crytallization of Immuno- 
genetics as a separate scientific discipline. 


Terminology 

An appropriate terminology for the 
A-B-O groups should therefore make pos- 
sible two tabulations. One table should be 
a list of observed phenotypes, giving the 
known serological specificities of the red 
cells and the antibodies in the plasma. 
While the symbols for the phenotypes 
should be terse—in the nature of mne- 
monics—and permanently fixed, the listing 
of blood factors should be detailed and sub- 
ject to modification as new observations 
are made that add new specificities and 
modify or correct previously reported ob- 
servations. Such a partial listing is shown 
in Table 4. Another useful table would be 
a list of the postulated blood group genes 
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TABLE 4. Present Status of the A-B-O Groups (Modified International Nomenclature} 


Phenotype 


oO H 
A, A, A,, F,, C 

‘ A, H, F,, C 

B B,, B,,, By; By» C 


A,B A, A, F,, C, B,, B,;, Busi, By, 
A.B A, H, F,, C, B,, B,;, Bis, Biy 


Red cells (blood factors)* 


Plasma (isoantibodies) 


Anti-A, anti-A,, anti-B and anti-C 
Anti-B (and anti-H)t+ 

Anti-B (and anti-A,) 

Anti-A and anti-A, 

(Anti-H) 

(Anti-A,) 


— 


* The list only includes those blood factors the existence of which has been clearly established 
up to the present time. This list is subject, of course, to modification by addition. 


+ Antibodies listed in parenthesis are not present regularly but only in a small proportion 


of individuals. 


and the serological specificities of their 
postulated gene products or agglutinogens. 
Such a partial listing is shown in table 5. 

The lists in Table 4 and Table 5 were 
deliberately made incomplete, because only 
those phenotypes and genes are listed con- 
cerning which our knowledge is reasonably 
complete. For example, Table 4 might also 
have included the rare phenotypes A;, A;:B, 
A, and O,, and others, while Table 5 might 
also have listed gene J4s and others. How- 
ever, such listings should perhaps be de- 
ferred until the facts concerning these rarer 
phenotypes and genes have become clearer. 

The principles of serology, genetics and 
nomenclature described here have universal 
applicability. They have been applied by 
the author with signal success to the com- 
plex Rh-Hr system in man, as well as to 
other blood group systems, notably, the 
M-N-S system. The same principles are 
applicable to the infrahuman species. In 
fact, the principles have applicability to a 
great variety of immunological problems, 
including even soluble antigenic substances 
and antigens of bacteria and viruses. 


Blood Factors as Extrinsic Attributes 
of Agglutinogens 


In 1952, the author was requested to 
write a review on the Rh-Hr blood types 
for publication in Bacteriological Reviews. 
With I. B. Wexler?3 he then prepared a 
review on “The Mosaic Structure of Red 
Blood Cell Agglutinogens,” in which was 


pointed out the multiplicity of blood ac. 
tors which characterize each antigenic ‘ub. 
stance or agglutinogen. This review vas 
returned by the editor with the comment 
that a referee had criticized it adversely on 
the ground that he and other investiga ors 
considered that there is no essential diifer- 
ence between agglutinogens and blood fac- 
tors; in fact, most workers used the two 
terms interchangeably. We responded that 
the very purpose of the review was to 
correct this misconception, whereby an 
object (the agglutinogen) is confused with 
its serologic attributes (the blood factors) 
—for as Shakespeare so aptly stated, “All is 
not gold that glitters.” The reader may 
still find it difficult to accept the fact that 
every agglutinogen—indeed, every combin- 
ing group within the agglutinogen molecule 
—theoretically can have an infinite number 
of serological specificities or blood factors. 
The explanation is that blood factors are 
extrinsic attributes of agglutinogens. A 
few parallel examples will be cited which 
may perhaps make this concept easier to 
grasp. 

One of the intrinsic attributes of an 
object is its mass, or the amount of matter 
which it contains. With this mass one is 
accustomed to associate a fixed weight; in 
fact, a common mistake is to confuse mass 
and weight, just as most serologists confuse 
the terms agglutinogen and blood factor. 
Actually, an object of fixed mass has an 
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infinite number of possible weights, depend- 
ing where the weighing is done, at the 
equator, at one of the polar regions, on a 
riountain, in a valley, in a moving elevator, 
e:c., and the weight can even be negative, 
a; when an object of low specific gravity is 
veighed under water. In fact, if one could 
imagine a race of human beings spending 
tieir entire lifetimes on an artificial satel- 
lite revolving about the earth, under a state 
o. weightlessness, the meaning of weight 
night be difficult for them to appreciate, 
aid if such individuals had their own dic- 
tonary the word “weight” or its equivalent 
night well be missing from it. Thus, while 
the mass of an object is an intrinsic attri- 
bute, its weight is an extrinsic attribute 
and can assume any of an infinite number 
o! values. Similarly, the serological specifi- 
cities or blood factors of an agglutinogen 
are extrinsic attributes, so that there can 
be an infinite number corresponding to 
any single combining group (an intrinsic 
attribute of the agglutinogen molecule) . 

Another example is provided by the pro- 
tective coating of paint on an automobile. 
While the chemical composition of the 
paint is one of its intrinsic attributes, the 
color of the paint is an extrinsic attribute. 
The chemical composition is fixed, but the 
apparent color will vary with the illumina- 
tion under which it is observed, and within 
limits an infinite number of possibilities 
exist. In fact, if one imagines an earth 
populated entirely by totally color blind 
people, there would be no-such attribute as 


color (and the word would be omitted 
from their dictionaries), just as the exist- 
ence of blood factors depends on the dis- 
covery of appropriate antisera to demon- 
strate them. 

The realization that each agglutinogen 
can have an infinite number of blood fac- 
tors should be the impetus to further inves- 
tigations on the blood groups, by stimu- 
lating a search for antisera with new 
serological specificities. The types of anti- 
bodies that may be produced will vary not 
only with the antigenic substances injected 
but also with the animal immunized. Thus, 
so called “natural” anti-B and isoimmune 
anti-B agglutinins in human sera, as well as 
anti-B produced in rabbits or in chickens, 
or anti-B extracts from seeds could be ex- 
pected to show differences in specificity. 
Similarly, anti-M and anti-Rh, produced 
by rabbits in response to injections of 
rhesus monkey blood would not be ex- 
pected to be identical with similar anti- 
bodies produced by man in response to 
injections of blood of other human beings. 
A practical consequence was that this sug- 
gested the origin of the “natural” isoagglu- 
tinins anti-A and anti-B of human sera. As 
pointed out by the author,'’ these anti- 
bodies are probably not of “spontaneous” 
or hereditary origin, but are instead of 
heterogenetic immune origin, and depend 
on the ubiquitous presence of A-like and 
B-like antigens in a great variety of animals, 
plants and microérganisms. Thus, it is 
inevitable that every individual will come 


TABLE 5. Partial List of the A-B-O Allelic Genes and Agglutinins 


Genes* 


O 
hi 


B 


Agglutinogens 


Blood factors 


H 

A, A,;, Fy, C 

A, H, F,, C 

B,, B,,, B,,,, Bi,, ete., C 


* The symbols under columns a and b present alternative methods of designating the A-B-O 


genes. 
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into contact with such antigens, either in 
foods, or by infection, or in parasitic micro- 
organisms infecting the gastro-intestinal 
tract, e.g., some strains of B. Coli have 
been found to have A-like while others have 
B-like antigens. In support of this explana- 
tion can be cited certain interesting inves- 
tigations on germ-free chickens of Springer 
et al.'3) While normal chickens have “nat- 
ural” antibodies of anti-B specificity, such 
antibodies are lacking in chickens that have 
been reared in a germ-free environment. 
When such germ-free chickens are allowed 
to ingest B. Coli of the strains with B-like 
antigens, they promptly form high titers of 
anti-B agglutinins. 

On the other hand, as has been pointed 
out, the tendency to confuse agglutinogens 
and blood factors has led to the tacit adop- 
tion of the one antigen/one antibody con- 
cept. In human blood grouping this has 
given rise to the C-D-E concept of Rh-Hr 
serology and nomenclature. Since the nu- 
merous fallacies and errors that these con- 
cepts have caused have been discussed 
elsewhere,!% 25 this will not be repeated 
here. Instead, a new kind of fallacy 
invoked by Vogel, Pettenkofer and Helm- 
bold!5 will be described. According to 
Vogel et al.:'5 “Pasteurella pestis possesses 
an antigen which by means of experi- 
ments with rabbits has been shown to 
be very similar to the H-antigen (of the 
ABO system). This may justify the con- 
clusion that patients of blood group O, 
who on account of their own antigen H 
are unable to produce any anti-H antibody, 
have had a very unfavorable prognosis in 
the case of an infection with plague. Really, 
the gene O is very frequent in places where 
few or no epidemics of this kind have oc- 
curred, and, vice versa, it is rare in the 
known plague centers. The virus causing 
variolla (smallpox) has been shown by 
experiments to possess an antigen which is 
at least very similar to the A antigen of 
the ABO system. It seems highly probable 
that the humoral resistance against small- 


pox is more effective in patients of blood 
group B and O, who carry an anti-A in 
their serum, than in patients without this 
antibody (blood group A or AB). The 
geographical distribution of the A gene in 
the old world supports the hypothesis of 
a selective disadvantage of the carriers of 
this gene when infected with smallpo.. 
This implies that in areas with smallpox 
as well as plague the gene B would increa:e 
due to selection against A and O.” Vog.| 
et al. cite in support of their hypothes:s 
also the paper of Livingstone’ who assei 5 
that among West African Negroes those 
with the worst pock marks show an in- 
creased frequency of blood group A. 

This superficially attractive hypothesis «f 
Vogel et al., depends again on the fallacious 
assumption of one-to-one correspondene 
between antigen and antibody. It is erro- 
neously assumed that group A persons caji- 
not become adequately immunized to smai|- 
pox because of the presence in the virus 
of the antigen A. The fallacy here is that 
it is hardly likely that the A antigens of 
smallpox virus and human group A indi- 
viduals are identical, and, in addition, 
smallpox virus must have an_ unlimited 
number of other serological specificities 
that group A persons lack. Thus, being 
group A is hardly likely to prove a special 
disadvantage in the face of a smallpox 
infection, and, similarly, being group O 
would hardly be a handicap in the event 
of a plague epidemic. At any rate, the hy- 
pothesis regarding smallpox can be put to 
a simple blind test. Firstly, one can record 
the results of primary smallpox vaccinations 
in a series of babies, or of secondary vac- 
cinations in older children, or in adults. 
After this has been done, the blood group 
of each individual can be determined and 
the presence of any association between 
ABO group and the results of vaccination 
determined. The result of this simple ex- 
periment should help to confirm or refute 
the hypothesis of Vogel et al. It is most 
important, however, that the experiment 
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be carried out blind in the order described, 
because prior knowledge of a subject's group 
could subconsciously bias one’s readings of 
the results of vaccination. 

In blood grouping investigations, one is 
d aling with antigenic substances of un- 
k.own chemical structure (except, perhaps, 
for the A-B-O substances) and antibody 
molecules (presumably gamma _ globulin) 
w 1ose combining groups are inaccessible to 
cl emical analysis. To determine the chem- 
ic] nature of the antigenic substances there- 
fore, they must first be extracted in pure 
form and then analyzed. Landsteiner and 
Harte® did extract the A-B-O group sub- 
stances from saliva, controlling the degree 
ol purification by tests for serological activ- 
ity, and have subjected such preparations 
to chemical analysis. Incidental to such 
studies, they found that upon partial de- 
naturation, preparations of A_ substance 
lost their capacity to inhibit anti-A iso- 
agglutinins, but retained their ability to 
inhibit, in high dilutions, the lytic activity 
of rabbit immune anti-A for sheep cells. 
This indicates that the factors A and Fy, 
probably depend on different structures 
within the antigen molecule. 


Inhibition tests with simple sugars have 
been carried out in an attempt to deduce 
the chemical structure of A-B-O and also 


Rh-Hr substances. While such studies may 
provide a clue, one must bear in mind that 
the tests are necessarily restricted to only a 
few antisera among the theoretically un- 
limited number of serological specificities 
which might be tried. Therefore, attempts 
to draw sweeping conclusions from such 
limited investigations are certainly danger- 
ous and premature, unless supported by 
chemical analytical data on the antigens 
themselves. 


Nature of Antibody Specificity 
One of the most important attributes of 
antibodies is their specificity. From the 
foregoing discussion, however, it should be 
clear that no or hardly any antibody is 


absolutely specific for the antigen which 
elicited its production, because, for ex- 
ample, antibodies reactive for sheep cells 
can result from such diverse stimuli as in- 
jections into rabbits of human group A 
cells or of guinea-pig kidney, or infection 
of human beings with the virus of infec- 
tious mononucleosis. Thus, antibodies, be- 
sides being specific also cross-react, and ex- 
pressions such as “‘cross-reacting antibodies”’ 
are redundant. 

It is clear, therefore, that the generally 
held concept of the high degree of speci- 
ficity of antibodies is incorrect; in fact, this 
is merely another aspect of the false one 
antigen-one antibody idea. Yet it is possible 
to identify agglutinogens specifically by 
serological means—not by a single antibody, 
but by the specific set of serological speci- 
ficities or blood factors that characterize it. 
One of the chief obstacles to the general 
acceptance of this fact is that in one’s every- 
day work in blood banks, technicians get 
along perfectly well with by a single reagent 
of each specificity, e.g., only one anti-A and 
one anti-B serum. The reason for their 
success is that they have available further 
information, namely, that the blood is from 
a human being, and in man every group A 
blood has all the factors A, F,, and AP, and 
every group B blood all the factors B;, B,;, 
B,,;, and B,,. That is why any pair of anti-A 
and anti-B sera will give the same correct 


In this connection, the following incident which 
occurred to the speaker may be of interest. At the 
Office of the Chief Medical Examiner of New York 
City, blood grouping tests are carried out routinely 
in all cases of violent death, and suspected homicide, 
so that if later blood stains are found, the blood 
group of the stain can be compared with that of 
the deceased. In one such case, routine grouping 
tests on the postmortem blood showed it to be 
group A; however, the red cells failed to clump in 
anti-M or anti-N, while the serum contained agglu- 
tinins for group O cells. Closer inspection showed 
that the red cells were smaller than usual for 
human blood, and precipitin tests were positive 
for sheep blood. Investigation then disclosed that 
the messenger, through error, had picked up the 
bottle of sheep blood from the Wassermann labora- 
tory instead of the blood of the deceased. 
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answer, so long as these tests are not ex- 
tended to blood from infrahuman species. 

For the same reasons, the conclusion that 
urine contains glucose because it gives a 
positive Benedict’s test will usually be cor- 
rect, though occasionally the presence of 
lactose or pentose or an entirely different 
reducing substance may trip up the tech- 
nician. And it is easy to understand why 
not so long ago people who spent their 
entire lives in the place they were born 
insisted that the world was flat, and found 
the fact of its roundness inconceivable. 
Nowadays everyone is taught the world is 
round, even those who never intend to 
travel. By the same token, every technician 
should be taught the difference between 
agglutinogens and blood factors, even 


though they do not intend to do advanced 
serological work. 
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The Use of Papain and Bromelin in Blood Bank 
Screening Procedures:* 


An Evaluation and Comparison with Standard ‘Technics 


SisTER M. Bricip, M.S., M.T.(ASCP)** 
From the Department of Pathology, Ohio State University, Columbus, Ohio 


A comparison of l-cysteine activated papain and 
bromelin with saline, albumin and anti-human 
globulin (AHG) technics in the detection of anti- 
bodies to red cells indicated that the enzyme tech- 
nics are more sensitive than saline and albumin 
technics; are not significantly different from the 
AHG technic in the detection of anti-D, anti-C and 
anti-e; are more sensitive in the detection of anti-E, 
anti-c and immune anti-A; are less sensitive in the 
detection of anti-Kell, anti-Duffy, anti-M and 
anti‘S—the corresponding antigens of which they 
alter to prevent a positive AHG reaction. Serum 
inhibition of papain was prevented by the use of 
1% papain up to a dilution of 1:32; enhancement 
of titers resulted from the use of 0.1% enzyme 
thereafter. A 15-minute incubation period was 
found to be optimal. Bromelin solutions were found 
to be much more stable than papain. It was con- 
cluded that although these enzyme technics are 
simple, economical and satisfactory within the limits 
applying to any enzyme technic, they are valuable 
adjuncts only and cannot replace the AHG test in 
prenatal and pretransfusion antibody screening. 
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IN No AREA of the Clinical Laboratory 
do the personnel carry so great a responsi- 
bility for the life and weifare of the patient 
as in the Blood Bank Laboratory. Naturally- 
occurring antibodies and previous preg- 
nancies introduce the possibility of incom- 
patibility even into the first transfusion. 
Multiple antibodies may be produced in 
response to a single transfusion. Multiple 
transfusions, so common in this day of 
extensive surgical procedures and im- 
proved methods of treating debilitating 
diseases, are even more prone to give rise 
to antibodies that may render future trans- 
fusions and pregnancies hazardous. For 
these reasons it is incumbent on Blood Bank 
personnel to use the best technics available 
and, in particular, to evaluate any new 
procedure very critically before adopting it. 

The anti-human globulin (AHG) tech- 
nic can and does detect most clinically- 
significant antibodies when it is properly 
performed with adequately prepared and 
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standardized serum. However, the time- 
consuming and meticulous technic de- 
manded tends to discourage its use by the 
technologist who may be already overbur- 
dened or is high-pressured by the attending 
physician to provide blood for his patient 
within minutes of the time that it is re- 
quested. The early enzyme technics, which 
involved pretreatment and repeated wash- 
ings of cells followed by a reacting period 
with the serum to be tested, were as cum- 
bersome and time-consuming as the AHG 
technic. Using 1-cysteine-activated papain, 
Loew!” developed a simultaneous enzyma- 
tion and sensitization test calling for a two- 
hour incubation period. Stern and_ his 
associates,!? using activated papain, reduced 
the incubation period to 30 minutes. The 
instability of activated papain at 4C. and 
the inconvenience of having to use it within 
a few minutes of the time it was thawed 
after being stored at —20C. led to a more 
extensive study of bromelin. Gray> reported 
increased anti-A, anti-B, and anti-Kell ac- 
tivity with bromelin but at the same time 
observed a limitation (also reported for 
trypsin, ficin, and papain) which is prob- 
ably inherent in enzyme action. This is 
the alteration of certain antigens, notably 
M, N, and Duffy, since these factors cannot 
be detected by the AHG technic after en- 
zyme treatment. Pirofsky,!! however, re- 
ported a one-stage bromelin technic by 
which he detected M, N, and some Duffy 
antibodies. He also concluded that the 
15-minute bromelin test was faster, more 
sensitive, and less likely to give false posi- 
tive results than the  cysteine-activated 
papain technic. He claimed that it equalled 
or even surpassed the AHG technic in 
sensitivity, reproducibility, and specificity 
but did not require the extended time and 
meticulous technic of the latter. 

The study herein reported was carried 
out in an attempt to decide whether these 


papain and bromelin technics are as specific 


and sensitive as their proponents claim and 


whether they could or should replace any 
of the standard technics (particularly the 
AHG technic) . 


Materials and Methods 


Sera from Rh-negative patients of the 
Health Center Prenatal Clinic, from pa- 
tients presenting compatibility proble: 
and from healthy Blood Bank donors 
controls), as well as commercial typing s 
were tested. Three AHG sera—A and 
commercially produced in rabbits and 
commercially produced in rabbits ; 
goats—were used for the Coombs tests. 
pool of Group O cells of known antige 
structure in an approximately 5 per ¢ 
suspension in Alsever’s solution was u 
for the screening tests. Eight Group 
cells of known antigenic structure were 
used, as directed in the instructions acco 
panying each lot, for the identification of 
antibodies. Selected cells of known auti- 
genic structure were used for the titers. 
The 0.5 per cent bromelin solution at pH 
5.5 was prepared by suspending 0.5 g of 
“Bromelain” (No. 179, Hawaiian Pine- 
apple Co., Ltd.) in 100 ml. of buffer solu- 
tion composed of 88 parts of 0.15M KH,PO, 
and 12 parts of 0.15M Na,HPO, and filter- 
ing the suspension by suction through 
Whatman No. | filter paper. The filtrate 
was dispensed into dropper bottles or vacu- 
tainers in approximately 2 ml. amounts. 
Some was stored at 4C.; the rest, frozen 
and stored at —20C. Bromelin with pre- 
servatives was prepared by adding 100 mg. 
sodium azide (Fisher Scientific Co.) and 
50 mg. “Actidione” (Upjohn Co., cyclo- 
heximide) per 100 ml. of filtrate before 
dispensing into tubes. The 0.05 per cent 
solution was prepared by making a }!:10) 
dilution of the 0.5 per cent solution with 
isotonic saline just prior to use. The J per 
cent papain solution was prepared accord- 
ing to the method of Stern.!2. The 0.1 per 
cent papain was prepared by diluting the 
1 per cent solution 1:10 with isotonic saline. 
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USE OF PAPAIN AND BROMELIN IN SCREENING PROCEDURES 


TABLE 1. Comparison of Results Using 1 Per Cent and 0.1 Per Cent Papain with 
Anti-D Serum and O, Rh-Positive,Cells 


Dilutions 


Sera Papain 1:2 1:4 1:8 
1 10% ++++s ++++s5s +44 
ne — me ie 


10% +4+4++ 444+ 
013, — ante 


++++ 


10% 4+4++4++8 +4+++ +++ 
an . aa a 


[he enzyme screening tests were per- 
fomed by thoroughly mixing two drops 
ol the test serum, one drop of the pooled 
ce ls, and one drop of enzyme in a 10 x 75 
min. tube. Enzyme stored at —20C. was 
thawed at 37 C. or lower and, in the case 
of papain, used within ten minutes. After 
centrifugation for 30 seconds at 2,000 rpm 
in a Clay-Adams serofuge the tubes were 
examined for macroscopic agglutination by 
shaking them gently until the sediment was 
completely loosened, and positive results 
were recorded as + (small but plainly 
visible clumps) to +++ +s. The tubes 
were then incubated for 15 and 30 minutes 
in a 37C. water bath, centrifuged, and 
examined as before. The results were re- 
corded as the ‘enzyme screen.’ The saline 
screens were performed by mixing two 
drops of the test serum and one drop of 
the pooled cells in a 10 75 mm. tube, 
centrifuging, examining, and recording as 
for the enzyme technic. The tubes were 
then incubated in a 37C. water bath for 
one hour, centrifuged, and examined as 
before. The results were recorded as the 
“saline screen.’’ After three washings with 
fresh saline according to the standard AHG 
technic, one drop of AHG serum was added. 
After 30 seconds centrifugation the tubes 
were again examined for agglutination, and 
the results were recorded as the “AHG 
screen.” The albumin screens were carried 
out in the same manner as the saline screens 
except that cells suspended in 22 per cent 
bovine albumin were used. 


1:16 1:32 1:128 
+++ 


For the titrations, beginning with a 
minimum of 0.3 ml. of serum, doubling 
dilutions from 1:2 to 1:4,096 were made. 
The pipette used for measuring the serum 
was discarded and a single clean pipette 


was used for making and dispensing the 
dilutions. For the albumin titers both the 
dilutions and the cell suspensions were 
made with 22 per cent bovine albumin. For 
the saline, AHG, and enzyme titers both 
the dilutions and the cell suspensions were 
made with isotonic saline. 0.1 ml. of a 4 
per cent suspension of red cells having the 
antigen for which the serum contained the 
specific antibody was added to each tube. 
For the enzyme titers 0.05 ml. (one drop) 
of the enzyme being tested was added to 
each tube. After thorough mixing the 
tubes were centrifuged for 30 seconds and 
examined for agglutination. A + reaction 
was taken as the end point. Following this 
the enzyme titers were incubated for 15 
and 30 minutes and examined for aggluti- 
nation after a 30 second centrifugation. 
The results were recorded as the “enzyme 
titers.” The saline and albumin titers were 
incubated for one hour in a 37 C. water 
bath, centrifuged, and examined. The re- 
sults were recorded as the “saline” and 
“albumin” titers respectively. The saline 
titers were then converted to AHG titers by 
washing three times with fresh isotonic 
saline, adding a drop of AHG serum, and 
centrifuging for 30 seconds. The results 
were recorded as the “AHG titer.” 
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TABLE 2. Stability Testing of Bromelin Solutions nut 
r 


its I 
Storage 
Solution conditions Results —20 
TE 
Bromelin 4C. Solution darkened after two weeks. Sensitivity Id 
without maintained until discarded because of fungal an U- 
preservatives contamination at four weeks. and 


Sensitivity maintained during the four-month sela 
testing period. tech: 


Solution slightly darkened. Sensitivity main- taine 
tained during the four-month testing period. than 


Bromelin with 4C. 
“Actidione” and 

sodium azide 2 
Sensitivity maintained during the four-month foun 
testing period. The 


—20 C. 


—20C. 
followed by thawing 
and storage at 4C. 


Sensitivity maintained until the end of the Anti 
testing period (two and one-half months after dete 
thawing). 


The absorption studies were carried out 
as follows: The serum to be absorbed was 
diluted with an equal amount of isotonic 
saline. A portion was set aside for the pre- 
absorption titers. To the other portion was 
added an equal amount of thoroughly 
washed and packed cells of the desired 
specificity. After incubation in a 37C. 
water bath for one hour and at 4 C. over- 
night, the tubes were centrifuged to pack 
the cells completely. The serum was re- 
moved and tested as in the AHG screen. 
If antibodies were still demonstrable, the 
absorption was repeated with fresh packed 
cells until the AHG screen was negative. 
The enzyme screening tests were then per- 
formed on the absorbed serum. If they were 
positive, doubling dilutions were made, and 
enzyme titers were performed. As a con- 
trol, AHG and enzyme titers were per- 
formed on the unabsorbed serum. 


Results 


AHG serum B was selected for routine 
use because, when used with cells sensitized 
by low-titer anti-D serum, it gave stronger 
agglutinates that were more readily loos- 
ened from the bottom of the tube; it was 
less expensive and more readily available 
than AHG serum C; and it did not appear 
significantly less sensitive under the con- 


ditions of testing. A 30-second centrifuga- 
tion period was selected because it gave 
crisper agglutinates. 

Prozones occurred with both papain and 
bromelin when 0.1 per cent enzyme was 
used beginning with the 1:4 dilution of 
serum as suggested by Stern.'!2 Using 1 per 
cent and 0.1 per cent papain in duplicate 
titers with various sera, it was determined 
that the prozone could be avoided by using 
the | per cent solution with dilutions up to 
and including 1:32. Using 0.5 per cent 
and 0.05 per cent bromelin, it was found 
that the prozone could be avoided by 
using the 0.5 per cent solution with serum 
dilutions up to and including 1:16. The 
use of dilute enzyme with the higher serum 
dilutions resulted in significantly higher 
papain titers as shown in Table | but did 
not affect the bromelin titers. The sensi- 
tivity of “Bromelase’’ (Dade Reagents) was 
comparable to that of the solutions pre- 
pared from “Bromelain.” Preliminary tests 
using various concentrations of bromelin 
at various PH’s demonstrated the senstivity 
of the 0.5 per cent solution at 5.5 pH. 

The results of stability testing of bro- 
melin solutions given in Table 2 indicated 
that loss of activity under the conditions 
specified is not significant and is unlikely 
to affect the usefulness of bromelin for 





the 

with 
cont 
thes¢ 
30, k 
—as 

zyme 
subs 
In a 
5 al 


1 of 

per 
cate 
ined 
sing 
p to 
cent 
und 


USE OF PAPAIN AND BROMELIN IN SCREENING PROCEDURES 


routine testing. Activated papain retained 
its reactivity up to six or eight weeks at 
—20 C. 

Identical results were obtained with 92 
anti-D sera screened by the AHG, papain, 
and bromelin technics. Three other anti-D 
sera were detected by two of the three 
te hnics. When fresh specimens were ob- 
tained from these patients one month later 
than the original specimens, they were 
found to be positive by all three technics. 
These data are summarized in Table 3. 
Anti-D antibodies were, with one exception, 
detected earlier and on lower titers with 
the AHG and the enzyme technics than 
with the albumin technic. Fifty-seven sera 
containing rarer antibodies were tested. Of 
these, 50 were positive by the AHG technic; 
30, by the bromelin; and 28, by the papain 
—as shown in Table 4. Some negative en- 
zyme tests were converted to positive by 
subsequently applying the AHG technic. 
In addition to the sera included in Tables 
3 and 4, nine AHG-negative sera were 
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TABLE 3. Comparison of Sensitivity in Detection 
of Low-Titer Anti-D in 95 Sera 


Results No. of sera 


*AHG +, Brom. +, Pap. — 
AHG —, Brom. +, Pap. + 
AHG 4+, Brom. +, Pap. + 


* AHG serum B used 


papain-positive; and six, bromelin-positive. 
This was shown to be due to nonspecific 
cold agglutinins. In most instances placing 
the tubes in the water bath for five to ten 
minutes caused these cold agglutinin reac- 
tions to disappear. Three hundred sixty- 
nine control sera screened by papain, bro- 
melin, and AHG were uniformly negative. 

Of 89 AHG and papain titers determined 
were identical; 21 
showed higher papain values; and 29, lower 
These results are 
marized in Figure 1. Thirty titers compar- 
ing papain and AHG with bromelin were 
performed. The AHG and bromelin titers 


simultaneously, 39 


papain values. sum- 


TABLE 4. Detection of Rarer Antibodies by Different Technics 
No. positive/ No. sera tested 


Antibody AHG** Brom. 


3/3 3/3 
ii Wl 
3/5 3/5 
5/6 6/6 
3/3 3/3 
3/3 1/3 
2/2 1/2 
1/l 0/1 
1/5 5/5 
2/2 2/2 
14/14 2/14 
3/3 2/3 
Fya 7/7 1/7 
Jka 2/2 0/2 
50/57 «80/57 


Total 


* All tests performed at 20 C. 


Brom. + AHG 


8/13 


Papain Papain + AHG 


3/3 
1/1 
5/5 
6/6 
3/3 
2/3 
1/2 
0/1 
4/5 
2/2 
3/3 0/14 
l/l 1/3 
2/5 0/7 
0/2 


28/57 


** AHG serum B used for all tests. AHG serum C used for anti-M, anti-K, and anti-Fy@ with 


no significant difference in results. 
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Fic. 1. Comparison of 
sensitivity of AHG and 
papain in titration of 89 


20 


No. of Sera 


were identical in 12 of these; ten gave 
higher bromelin titers; and eight gave 
lower bromelin titers. These are repro- 
duced in Figure 2. Figure 3 compares the 
results of papain and bromelin titers. Four- 
teen were identical; 11 were higher with 
bromelin; and five were lower with bro- 
melin. Two sera containing both natural 
and immune anti-A antibodies were tested 
to study the sensitivity of the bromelin and 


papain technics in the detection of anti- 
bodies in the ABO system. Saline, AHG, 
and enzyme titers showed that AHG, pa- 
pain, and bromelin were equally sensitive 
but significantly more sensitive than saline 
in the detection of combined natural and 


10 15 


No. of sera 


Fic. 2. Comparison of sensitivity of bromelin and 
AHG in titration of 30 anti-D antibodies. 


anti-D antibodies. 


immune antibodies. After neutralization of 
the natural antibodies by incubating two 
parts of the serum with one part of Witeb- 
sky substance for one hour at room tempera- 
ture, saline, AHG, and enzyme titers were 
performed. The sensitivity of both papain 
and bromelin was found to be significantly 
greater than that of saline in both in- 
stances. With one of the sera it was sig- 
nificantly greater than that of the AHG 
technic also. These results are shown in 
Table 5. The experiment devised to study 
the effects on papain and bromelin titers 
of the absorption of antibodies detectable 
by the AHG technic showed that five of 
the absorbed sera were negative by the 
enzyme technics; 11 were positive by one 
or both. The titers before and after absorp- 
tion are shown in Table 6. 


Discussion 

In matters of such consequence as the 
transfusion of blood and the diagnosis of 
hemolytic disease of the newborn every 
possible precaution must be taken to in- 
sure the life and welfare of the patient. 
To do this, the technics used for the detec- 
tion of antibodies and compatibility test- 
ing must be sensitive, specific, and repro- 
ducible. Because blood lost by massive, 
acute hemorrhage must be replaced as 
rapidly as possible, rapidity without sacri- 
fice of accuracy is an equally desirable 





the c 
para 
them 
re-'V: 
als > 

1? 
anc 

than 
dei ec 
plete 
anc 

of t 
the « 
E 
dilut 
pens 
albu 
final 
ther1 
app! 
bron 
In 
man 
tech 
true, 
Figu 
over 
titer 
bodi 


on of 


two 
‘iteb- 
pera- 
were 
pain 
antly 


} in 
- sig: 
.HG 
n in 
tucly 
iters 
able 
e of 
the 
one 
orp- 


USE OF PAPAIN AND BROMELIN IN SCREENING PROCEDURES 


feature. From the viewpoint of the busy 
tec'inologist ease of preparation and stabil- 
ity of reagents, together with simplicity of 
pe: formance, are no less desirable. Finally 
eccnomy in price and quantity of materials 
used recommend a test to those interested 
in keeping hospital costs as low as possible 
without jeopardizing the patient. These are 
the criteria used in this attempt to evaluate 
pa ain and bromelin technics by comparing 
them with standard technics. In some cases 
re valuation of these standard technics is 
als» indicated. 

‘he economy, simplicity of performance, 
an’ ease of reading saline tests are more 
than offset by the failure of this technic to 
deiect the more clinically significant incom- 
plete antibodies. Serum, plasma, albumin, 
and plasma-albumin technics detect many 
of the incomplete antibodies. However, 
the difficulty of obtaining sufficient serum 
or plasma lacking antibodies for use as 
diluting and suspending agents, the ex- 
pense and prolonged incubation period of 
albumin, and the difficulty of reading the 
final results are definite disadvantages. Fur- 
thermore, they failed to give a sensitivity 
approaching that of the AHG, papain, and 
bromelin technics in this study. 

In keeping with the findings of Haber- 
man? and other investigators, the AHG 
technic yielded a very high percentage of 
true, and no false positives. As a review of 
Figures 1 and 2 and Table 3 will show, the 
over-all sensitivity in the detection of low- 
titer anti-D as well as of the rarer anti- 
bodies was equal to that of papain and 


10 
No. of sera 


Fic. 3. Comparison of sensitivity of papain and 
bromelin in titration of 30 anti-D antibodies. 


bromelin. Since the technic is based on a 
well-defined immunological principle,?: 3 7 
it is mandatory that the serum used con- 
tains antibodies not only to gamma but 
also to alpha and beta globulins since not 
all hemagglutinins are of the gamma type. 
The failure of most AHG sera to detect 
cold agglutinins, which may not be a serious 
disadvantage in instances other than ABO 
incompatibility, may be attributed to this. 
The possibility of elution of antibody as 
a result of undue delay in adding the AHG 
serum to the washed cells! and the weaken- 
ing of the reaction by incubation, which is 
discouraged by American producers of com- 
mercial serum, are factors to be considered 
in interpreting AHG results. The present 
study indicated that lack of attention to 
these details of reagent selection and points 
of technic might be responsible for reports 
of significantly greater sensitivity on the 
part of certain enzyme technics. The 30-60 


Taste 5. Detection of Antibodies in the ABO System 


Titers 


Naturally occurring and immune anti-A 


Serum Saline AHG Papain 


96 768 768 768 
192 768 1,536 1,536 


Bromelin 


Immune anti-A 


Saline AHG Papain Bromelin 


neg. 12 48 48 
neg. 24 48 48 


Results recorded as the reciprocal of the highest dilution showing a clear-cut “+-” reaction. 
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TABLE 6. Bromelin and Papain Detection of Antibodies in Random Prenatal Anti-D Sera 
Absorbed with D-Positive Cells to Remove Antibodies Detectable with AHG Serum 


a 


Before absorption 


AHG Papain Bromelin 


AHG 


After absorption 


Papain Bromelin No. of absorptions 


—_—_—_—_— CC eee — — — — — 


256 512 512 
1,000 2,000 2,006 
128 64 64 
256 128 256 
256 1,000 2,000 
128 128 128 
512 128 512 
64 16 $2 
64 64 
128 
$2 


128 
128 
128 
12 256 128 
13 256 256 
14 8 8 
15 256 128 


16 256 256 


0 
0 


0 
0 
0 
0 


16 16 
32 32 
16 
4 
8 
8 


0 
0 


Results recorded as the reciprocal of the highest dilution showing a clear-cut “+-” reaction. 


minute sensitization period followed by 


repeated washings still seems to be the 
greatest drawback of the AHG technic. 


However, French* reported that a_ 15- 
minute sensitization period detects all clini- 
cally significant antibodies. 

The papain technics devised by Stern 
et al.'2 seemed to combine specificity, re- 
producibility, and simplicity with economy 
of time and material. Accordingly they 
were used as the starting point for this 
study, and modifications were made as di- 
rected by the results of the experiments. 
No significant difference in sensitivity was 
noted between papain activated by cysteine 
alone and that activated by cysteine and 
EDTA. Although cysteine in solution un- 
dergoes changes that may result in de- 
creased papain activity, particularly at 
room and refrigerator temperatures, no 
significant decrease in the activity of acti- 
vated papain stored at —20C. for six to 
eight weeks was noted. Bromelin was found 
to be more stable than papain both with 


and without preservatives at both 4 C. and 
—20 C. as Table 2 shows. 

Although duplicate titers using papain 
and bromelin of the same lot agreed within 
the limits of experimental error, it was 
found that different lots prepared by the 
same method did not always yield identical 
results. It is recommended, for this reason, 
that each new lot of enzyme be compared 
for sensitivity with the one previously used. 
Only in this way will successive titers be 
significant. 

Lewis? noted an inhibition of papain by 
serum in dilutions up to 1:4 and of bro- 
melin by serum in dilutions up to 1:32. 
In this study prozones sometimes occurred 
up to a serum dilution of 1:64 with papain 
but only up to 1:8 with bromelin. The use 
of stock papain in dilutions up to 1:32 and 
dilute papain thereafter seems justified by 
the enhancement of the titers thereby. The 
absence of enhancement by the use of 
dilute bromelin, well as_ the basic 
economy of the 0.5 per cent solution, 


as 
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would seem to justify the use of stock bro- 
melin throughout. 

With high-titered antibodies agglutina- 
tion was produced by immediate spinning. 
P olonging the incubation period beyond 
1 minutes decreased rather than increased 
the sensitivity, indicating thereby that 
1) minutes is optimal. Thus the enzyme 
technics may, at least in some instances, 
fi rnish the answer to the request for emer- 
gincy compatibility testing. 

The greater sensitivity of bromelin and 
p:pain reported previously as shown by 
aiitibody detection several months earlier 
and by significantly higher titers could not 
be reproduced with the sera tested. The 
detection of two anti-E antibodies by pa- 
pain only was in accord with the findings 
of Vogt!3 and Heisto® but not with state- 
ments by Pirofsky!! and Griffitts® on the 
special effectiveness of bromelin for anti- 
bodies of this specificity. On the other 
hand, the detection of AHG-negative anti-c 
antibody by both enzyme technics con- 
firmed the findings of these latter workers. 
Neither papain nor bromelin consistently 
demonstrated the presence of anti-Kell 
antibodies even when AHG tests were sub- 
sequently performed. This would indicate 
that at least some Kell antigens and/or 
anti-Kell antibodies are altered by enzyme 
activity. Inasmuch as anti-Kell ranks next 
to anti-D and anti-c antibodies as a cause 
of transfusion incompatibility and hemo- 
lytic disease, this is a noteworthy defect. 
Pirofsky’s consistently positive results with 
anti-Kidd, anti-Duffy, and anti-S!! were not 
duplicated in this study. The detection of 
some anti-Kells, anti-Duffys, and anti-Kidds 
by the AHG tests subsequent to enzyme 
treatment was not considered significant 
because the AHG test alone detected these 
antibodies and false positives were likely 
to result. The decrease noted in anti-M 
alter enzyme treatment was in accord with 
previous reports of enzyme alteration of 
the M antigen. In the two cases studied 


bromelin and papain were superior to the 
AHG technic in the detection of immune 
anti-A, thus giving promise of being useful 
tools in the hitherto difficult diagnosis of 
ABO incompatibility. 

From the experiment in which papain 
and bromelin-reacting antibodies could be 
detected after complete absorption of AHG 
demonstrable antibodies, it appears that at 
least some of the antibody detected by these 
technics may be different from the AHG 
antibody. More work will have to be done, 
however, before it can be stated with any 
degree of certainty that differences in speci- 
ficity as well as sensitivity are operative. 

Simplicity in the performance of enzyme 
technics, economy and stability of reagents 
used, and marked reduction in the time 
required were all demonstrated in_ this 
study. Adoption of these technics, can for 
these reasons, be expected to result in ex- 
tending the benefits of prenatal and pre- 
transfusion studies to a larger number of 
patients and donors. However, since, as has 
been stated, antibodies to the Kell and 
Duffy antigens are not consistently demon- 
strated thereby, blood banks that are inter- 
ested in furnishing the best possible trans- 
fusion and prenatal service to their patients 
cannot disregard these inadequacies of the 
enzyme technics. To discard the AHG tech- 
nic would result in a gain in time and 
convenience at the expense of the estab- 
lished advantages of the AHG test. The less 
striking results obtained in this study as 
compared with some previously reported 
investigations might well reflect the use of 
AHG sera of lower sensitivity and specificity 
than those commercially available today. 
Papain and Bromelin Antibody Screening 


Conclusions 


1. Papain and bromelin technics, al- 
though not so specific, sensitive, and repro- 
ducible as some reports claim, are satisfac- 
tory within the limits applying to any en- 
zyme technic. 
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2. They are economical of time and ma- 
terial. 

3. As a consequence of this economy they 
are practical for use as screening tests in 
prenatal and pretransfusion antibody de- 
tection. 


4. They appear to be logical replace- 
ments for the albumin technic. 


5. They cannot replace the AHG technic, 
but they are valuable additions and, in 
some instances, may make the completion 
of this test unnecessary. 


6. The choice between the bromelin and 
papain technics depends on_ individual 
preferences and circumstances rather than 
on exactly defined advantages, although 
bromelin solutions are much more stable 


at refrigerator temperature. 
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Book Reviews 


Electrophoresis in Physiology. Lena A. Lewis. 
2nd Ed., No. 385 American Lecture Se- 
ries. Springfield, Ill., Charles C Thomas, 
1960, 120 pp. $5.50. 

THE LITERATURE on the subject of electro- 
phoresis has become colossal. Dr. Lewis pre- 
pared the first edition of this small book in 
1950 to introduce the newcomer to the subject 
and help him get started. The first chapters 
discuss the basic principles and major types of 
electrophoresis which have been developed. 
Chapter 5 attempts to give a bird’s-eye view of 
the application of electrophoresis to problems 
in physiology and clinical medicine. The re- 
viewer was left with the impression that the 
author’s desire to cover the material briefly and 
thoroughly was somewhat blurred by the pres- 
entation of non-essential details. The emphasis 
placed on conditions in which electrophoretic 
patterns are not specific complicate the picture 
for the novice. It was surprising to read that 
“At birth the serum y-globulin concentration 
of the baby is higher than that of the mother 

” On page 57 fibrin is used when fibrino- 
gen is meant. Chapter 6 consists of nine pages 
on immuno-electrophoresis by M. D. Poulik 
who is well-known to those interested in this 
field. It serves the purpose of introducing the 
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subject and stimulating interest. The appendix 
outlines procedures for performing moving 
boundary, paper and immuno-electrophoresis 
and is followed by a list of sources of equipment 
and supplies. The bibliography is extensive 
but the author has thoughtfully included a brief 
listing of general references. 

The beginner will find this volume useful 
as first reading but it is not intended as a refer- 
ence work.—T. J. Greenwalt, M.D. 


Recent Advances in Human Genetics. L. S. 
Penrose. Boston, Mass., Little, Brown 
and Co., 1961, 194 pp. $8.00. 

“Tue stupy of heredity in man, after a long 
and comparatively quiet period of incubation, 
has erupted violently during the last decade 
into a most exciting and productive activity.” 
Thus Dr. Penrose prefaces this absorbing vol- 
ume, dealing with the latest developments in 
the study of linkage, chromosome number, and 
genetic abnormalities of sex, foetal growth, and 
hemoglobin synthesis. A distinguished group 
of British and American scientists has contrib- 
uted to Recent Developments in Human Ge- 
netics, and their fascinating discussions of the 
progress being made in the above areas, care- 
fully edited by Dr. Penrose, are both lucid and 
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comprehensive. Included are descriptions of 
the laboratory technics used to make chromo- 
somes clearly visible, the newer statistical de- 


vices and theories, and the problems of detecting 
and measuring genes. The bibliography js 
excellent.—Hugh Fudenberg, M.D. 


Abstracts 


BLoop Groups AND ANTIBODIES 
An Rh Gene Complex, r™, in Some Ways Like 
r°, P. A. Tippett, R. Sanger, I. Duns- 
ford and M. Barber. Lister Institute, 
London, England. Vox Sang. 6: 21, 1961. 
An Rh factor was studied which can be dis- 
tinguished from other described cells which 
react with anti-CD sera but not with anti-D and 
only erratically with anti-C. A large amount 
of serologic data was collected. The discussion 
ends with the statement that, with the rapid 
advance of knowledge of the Rh factors, at- 
tempts at explanations of isolated peculiarities 
such as this are unprofitable.—P. J. S. 


A Negro Family Revealing Hunter-Henshaw 
Information and Independence of the 
Genes for Js and Lewis. R. E. Rosenfield, 
G. V. Haber, R. Schroeder and R. Bal- 
lard. Mount Sinai Hosp., New York, 
New York. Am. J. Hum. Genet. 12: 2, 
1960. 

A Negro family revealed the probability of 
the rare combination of NS, Hu and He on the 
same chromosome. The father of the family 
tested as M+ N+ S+ s+ Hu-+ He-, the mother 
as M— N+ S— s+ Hu+ He—. Tests showed 
that two of four of their offspring received the 
Hu and He antigens along with the paternal 
NS, the other two receiving neither with the 
paternal Ms. This indicates that the father 
carried NS, Hu and He on one chromosome, 
Ms on the partnering chromosome. Of the two 
who received the paternal Ms, one received the 
maternal Hu, the other did not. The authors 
discuss the possibility that Hu may be associated 
with S" in the mother, but the family gives no 
evidence in this regard. 

The family shows independent segregation of 
the Js and Lewis antigens.—M. L. 


Anti-Rh,(D) Antibodies Produced by Iso-Immu- 
nization in an Rh Positive Mother of the 
Unusual Genotype R'r (CD"e/CdE). 
R. T. Simmons and V. Krieger. Com- 
monwealth Serum Laboratories, Mel- 
bourne, Australia. Med. J. Australia. 1: 
1021, 1960. 

‘THE AuTHors add another to the growing 
list of rare DY women who produce an anti-D 


antibody. The antibody which titered 1:2,0)0 
gave apparently typical anti-D reactions ||- 
though in rare instances it failed to react with 
known D positive cells. The case is of part c- 
ular interest since the immunized patient is 
of the rare Rh genotype CD"e/CdE. 

The patient’s first two babies were norm ||, 
the third was direct Coombs positive, suffer d 
mild hemolytic disease and required two sim) \e 
transfusions. The fourth baby was normal, ts 
Rh genotype CdE/cde.—M. L. 


SERUM PROTEIN TYPES 

Le Facteur Serique Gm* Chez Les Africains «le 
Porto-Novo (Dahomey). A. Eyquem, L. 
Podliachouk et J. Presles. Institut P.s- 
teur, Paris, France. Vox Sang. 6: 120, 
1961. 


THE AUTHORS examined the serum of 1/6 
Negroid Africans in Porto-Novo (Dahomey) for 
the presence of the serum factor Gm*. All in- 
dividuals were found to be of phenotype, 
Gm (a+). 

Quantitative studies revealed that the concen- 
tration of Gm? in the serum of the Dahomenians 
was less than that found in serums collected 
from Negroes in Cameroun. The concentration 
of the substance, Gm, was found not to be 
directly related to the concentration of gamma 
globulin.—P. M. 


Le Facteur Serique Gm* Chez Les Grecs. L. 
Podliachouk, G. Angelopoulos et A. 
Eyquem. Institut Pasteur, Paris, France. 
Vox Sang. 6: 123, 1961. 

A REPORT is made on the frequency of the 
serum factor, Gm*, in inhabitants of various 
parts of Greece. Of 308 individuals studied, 
120 (39%) were Gm (a+) and 188 (61%) were 
Gm (a—). This frequency (39%) is the lowest 
rate observed so far in the white race although 
probably not significantly different from the 
frequency of 40 per cent found in natives of 
southern Italy. The proportion of Caucasoids 
of phenotype Gm (a+) is reported to vary from 
39 per cent to 67 per cent. The authors point 
out that the frequency of the Gm factor differs 
according to race. Testing done so far on indi- 
viduals of the Negroid race from Senegal, Cam- 
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eroun, Dahomey and America has revealed that 
nearly 100 per cent are of phenotype, Gm (a+). 
Likewise the frequency has been found to be 
exiremely high in the Mongoloid race. 

‘he authors indicate that the Gm# factor in 
ser um is a gamma globulin, demonstrated by its 
ability to inhibit agglutination of Rh positive 
rec cells (sensitized with incomplete anti-Rh,) 
by serum obtained from certain patients with 
chronic rheumatoid arthritis. If an individual’s 
serim inhibits agglutination of the sensitized 
cel's, his phenotype is Gm (a+); if his serum 
fais to inhibit agglutination, the phenotypic 
designation is Gm (a—). Materials and methods 
for the determination of the Gm#* factor are de- 
scribed.—P. M. 


An Isoprecipitation Reaction Distinguishing 
Human Serum-Protein Types A. C. Alli- 
son and B. S. Blumberg. Nat. Inst. of 
Health, Bethesda, Maryland. Lancet. 1: 
634, 1961. 

‘HE SERA from 61 patients, who had received 
multiple transfusions, were tested for precipitins 
against other human sera. Three samples ex- 
hibited typical precipitation lines. Serum pre- 
cipitins have recently been demonstrated in 
rabbits immunized with sera from other rabbits. 

The methods used included agar gel diffu- 
sion and immunoelectrophoresis. Studies on the 
one serum that gave the strongest reactions is 
the subject of this report. This serum, from 
an anemic man who had received approxi- 
mately 50 transfusions, was found to give strong 
precipitation with sera of some, but not all 
normal subjects. An antigen-antibody reaction 
was believed to be involved. While the patient 
had had pyrogenic reactions from some of his 
later transfusions, a correlation between them 
and the newly discovered precipitin had not 
yet been looked for.—J. B. R. 


ERYTHROBLASTOSIS 

Experimental Observations on Cardiac Arrhyth- 
mia During Exchange Transfusion in 
Rabbits. W. C. Taylor, C. N. Gillis, 
C. W. Nash and G. L. Kullman. Univ. 
Hosp., Edmonton, Alberta, Canada. J. 
Ped. 58: 470, 1961. 

Firty-sEVEN adult rabbits were subjected to 
exchange transfusions. The technic was de- 
signed to simulate closely the procedure used 
in newborn infants. Electrocardiographic trac- 
ings were made frequently. Hyperpotassemic 
citrated blood transfusions resulted in 15 deaths 
in 19 animals. The usual sequence of events 


began with prolongation of the Q-T interval, 
S-T depression and increased amplitude of T 
waves. Ventricular fibrillation followed and 
then cardiac arrest. It is believed that this same 
sequence of events occurs in the newborn hu- 
man. The early electrocardiographic changes 
were reversed by the administration of calcium. 
The administration of citrated blood of normal 
potassium content or heparinized blood did not 
result in ventricular fibrillation. The admin- 
istration of chilled donor blood resulted in 
recognizable electrocardiographic changes but 
not in an increased incidence of ventricular 
fibrillation or a higher mortality.—J. B. R. 


Research on the Effects of Citral, an Antihista- 
minic, on the Isoimmunized Organism 
of the Pregnant Woman. I. A. Vasil’eva. 
Institute of Obstetrics and Gynecology, 
Leningrad, Russia. Akusherstvo i Gine- 
kologiya. 35: 24, 1959. 

CitraL, a member of a series of antihista- 
minics beginning with vitamin A and its pro- 
vitamin—carotene, was given to 17 isoimmunized 
women, half of whom were Rh negative. Anti- 
body titers were reduced in all of eleven women 
in whom therapy was begun early in pregnancy 
and nine bore healthy infants. In six cases who 
were treated after the mid-point in their preg- 
nancy, there were five dead children and anti- 
body titers were not reduced. 

(The titers in 10 of the 17 patients were 1:2. 
Reduction in titers did not correlate with clin- 
ical effect. The authors report nothing on the 
specificity of the antibodies and state that in 
many cases they did not know the blood group 
and Rh type of the infants. Considering only 
the Rh negative women, there were five affected 
and four unaffected children. These women 
would be expected to have a ratio of Rh posi- 
tive to Rh negative children of just 5:4 and the 
experiment is inconclusive.— (Ed).—P. J. S. 


Hemolytic Disease of the Newborn Due to the 
Good Factor. B. A. Eskin, E. U. Laufer 
and M. D. Pettit. Women’s Medical Col- 
lege, Philadelphia, Pennsylvania. Am. 
J. Ob. & Gyn. 81: 997, 1961. 

Tuis is a further report on the Negro woman 
in whom anti-Good was first demonstrated 
(Blood. 15: 681, 1960), Her obstetrical history: 
By first husband—one and two: normal—By sec- 
ond husband—three: premature, normal—four: 
premature, died, hemolytic disease—five: abor- 
tion, patient transfused—six and seven: still- 
births at seven months, cause unknown. 
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In the eighth pregnancy, a cesarean section 

was elected at six and one-half to seven months 
because of an irregular fetal heart beat; the 
baby was liveborn but died shortly (cord blood 
Hb 5.5 Gm. per cent, bilirubin 3.35 mgm. per 
cent). The direct Coombs was negative. Au- 
topsy confirmed prematurity and hemolytic dis- 
ease. A routine search for antibodies had been 
made on the mother’s blood and none found: 
after delivery it was found that her serum ag- 
glutinated the husband’s and child’s cells. The 
antibody so detected has been tested against 
1,700 other blood samples; no tests were positive. 
The antigen defined differed from all known 
antigens. 
* In the ninth pregnancy the patient was given 
steroid therapy starting at 12 weeks gestation 
at which time the antibody titer was 1:8. By the 
seventh month the antibody was not demonstra- 
ble. In the thirtieth week cesarean section was 
elected because of diminution of fetal activity: 
a 3 lb. 15 oz. girl with a cord blood Hb of 7.4 
Gm. per cent and bilirubin of 5.3 mg. per cent 
was delivered. The direct Coombs test was 
negative but the baby’s cells were agglutinated 
by the mother’s serum. The baby responded 
well to four replacement transfusions. 

The antibody (anti-Good) was inhibited using 
Low’s papain technic. Six further examples 


of the antibody were found to be naturally 
occurring.—M. L. 


HEMOLYTIC ANEMIA 


Immediate and Long-Term Results of Treat- 
ment of Chronic Hemolytic Anemias. 
I. I. Lorie, A. S. Kukel and M. A. Um- 
nova. Central Order of Lenin Institute 
of Hematology and Blood Transfusion 
U.S.S.R. Problems of Hematology and 
Blood Transfusion. 5: 50, 1960. 

‘THE AUTHORS review their observations on 88 
patients with congenital and acquired hemolytic 
anemias. Thirty-six patients with congenital 
hemolytic anemia were subjected to splenec- 
tomy. Thirty had typical congenital spherocy- 
tosis; two died in the postoperative period but 
each of the remaining 28 had a complete clinical 
recovery. In these successful cases, hemoglobin 
reached normal in 25-30 days after operation. 
In the first 24 hours after operation, eight pa- 
tients of this group showed a considerable 
increase in hemoglobin which was attributed to 
emptying of the splenic reservoir. Bilirubin 
returned to normal on the fifth day. In spite of 
clinical recovery spherocytosis persisted. Of the 
six patients with atypical spherocytosis, four 
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had a recurrence of hemolysis after splenectomy. 
The authors conclude that splenectomy in con. 
genital spherocytosis should be considered early, 
while in atypical forms, with normo- or ma: ro. 
cytosis, indications for the operation should be 
stringent. 

Sixteen patients with acquired hemolytic «ne. 
mia were submitted to splenectomy. Of 11 sur. 
vivors, eight had favorable results although 
return to normal was much slower tian 
in congenital hemolytic anemia. Twenty-t! ree 
patients with acquired hemolytic ‘anemia \ ere 
treated equally effectively with steroids or 
ACTH. Eight patients had complete rest ra. 
tion to normal and 11 had partial remission. of 
hemolysis. Four showed no improvement ind 
were operated upon with three deaths and ne 
remission. 

In the authors’ opinion early cessation of 
steroids leads to recurrence. Although Coo nbs 
titers declined under steroid treatment in no 
case did the Coombs test stay negative. Main- 
tenance treatment may be intermittent but 
must be resumed at the first sign of relapse. 
All patients with acquired hemolytic anemia 
should be started on hormones in large and 
continuous doses; operation should be _ per- 
formed when there is intolerance or refractori- 
ness to steroids. The use of steroids immediately 
prior to operation makes the results of surgery 
worse, and the authors consider it desirable 
to discontinue hormone therapy about 10 days 
before operation.—A. K. 


Serum Factors of Acquired Hemolytic Anemia 
in Leukemia and Lymphoma. J. T. 
Brody and S. C. Finch. School of Medi- 
cine, Yale Univ., New Haven, Connecti- 
cut. J. Clin. Invest. 40: 181, 1961. 

THE PURPOSE of this study was to determine 
whether the abnormal serum factors of ac- 
quired hemolytic anemia in leukemia and 
lymphoma could be characterized as antibody by 
the immune adherence technic. Serum samples 
from a total of seven patients with acquired 
hemolytic anemia were studied. Direct and in- 
direct Coombs tests were compared with im- 
mune adherence antibody assays. The technic 
of immune adherence, which is positive only 
when antigen and specific complement-fixing 
antibody are present, was utilized by reacting 
erythrocyte antibody or patient’s serum with 
group O red cells in the presence of comple: 
ment and guinea pig platelets. The platelets, 
acting as indicator by adhering to the agglu- 
tinated red cells, could be observed by dark 





Ctomy, 
n ¢ on. 
early, 
ma ro- 
ild be 


ic ne- 
L1 sur. 
igh 
ian 
ree 

\ ere 
or 
Ta- 
of 


on of 
0 nbs 
in no 
Main- 
t but 
lapse. 
nemia 
> and 

per- 
LCLOri- 
iately 
Irgery 
irable 
| days 


lemia 
i. %. 
Medi- 
necti- 


‘mine 
f ac- 
and 
dy by 
nples 
uired 
d in- 
. im- 
chnic 
only 
ixing 
cting 
with 
nple- 
elets, 
golu- 
dark 


ABSTRACTS 335 


id microscopy. Six of the seven patients had 
sitive direct and indirect Coombs reactions, 
t immune adherence did not occur when the 
tients’ serum was reacted with their own red 
ls. In addition those serums obtained from 
transfused patients did not exhibit immune 
herence when reacted with normal erythro- 
es. Two patients who had been repeatedly 
nsfused did show such immune adherence. 
T ie authors believe that immune adherence is 
ensitive indicator for the detection of erythro- 
e antibody and that the absence of immune 
herence indicated that a specific antigen- 
tibody reaction was not present in the hemo- 
y'ic anemia patients studied despite the positive 
s~ombs test. The authors discuss the evidence 
it abnormal serum factors in acquired hemo- 
ic anemia are not erythrocyte antibodies 
ntioning the ways in which strict antibody 
teria are not fulfilled. It is suggested that the 
serum factors which have affinity for the erythro- 
cyie surface may represent another manifesta- 
tion of the dysproteinemic state.—A. K. 


TRANSFUSION REACTIONS 

Bacterial Contamination of Preserved Blood 
and Derivatives. P. H. Bonnel. Direc- 
tion Centrale des Services de Sante des 
Armees, Paris, France. Vox Sang. 6: 60, 
1961. 

In 1959, French transfusion centers were sur- 
veyed regarding their experiences with trans- 
fusion accidents due to bacterial contamination. 
There were 26 proved cases (with 13 deaths), 
mostly due to Gram negative bacilli. The prod- 
ucts utilized, blood, plasma or albumin, had in 
general been stored for less than eight days 
and minimum amounts had been transfused, 
only a few milliliters in several cases. 

Experiences with the variability of the bac- 
tericidal effects of blood, the effect of bacterial 
toxins, and with cold growing bacteria were 
reported. As regards culture technics, there was 
a note on the necessity for testing for anaer- 
obic bacteria and fungi. In one series of cul- 
tures, in large part of used containers, 33 per 
cent of the contaminants were fungi. 

The following resolutions were adopted by 
the French Society of Blood Transfusion: (1) 
Each accident should be investigated and _re- 
ported; (2) blood containers should never be 
entered before transfusion; (3) cell suspensions 
should be made with rigorous asepsis; (4) blood 
derivatives must be subjected to sterility tests; 
and (5) strict personnel discipline must be 
applied at all stages in the production of blood 
derivatives.—P. J. S. 


Severe Haemolytic Transfusion Reactions 
Caused by Apparently Compatible Red 
Cells. F. Kissmeyer-Nielsen, K. B. Jensen 
and J. Ersbak. Arhus Kommunehospital, 
Arhus, Denmark. Brit. J. Haemat. 7: 6, 
1961. 

A PATIENT with several severe hemolytic trans- 
fusion reactions is reported. Despite apparent 
compatibility of the transfused cells by all avail- 
able technics, Cr>! survival studies revealed 
immediate elimination of the compatible donor 
cells, whereas the patient’s own cells were elim- 
inated at a normal rate. The literature dealing 
with similar instances is also reviewed.—H. F. 


Experimental Transfusion of Donor Plasma 
Containing Blood-Group Antibodies into 
Incompatible Normal Human Recipi- 
ents. I. Absence of Destruction of Red- 
Cell Mass with Anti-Rh, Anti-Kell and 
ene II. Induction of Iso-Immune 

aemolytic Anaemia by a Transfusion 
of Plasma Containing Exceptional Anti- 
CD Antibodies. J. F. Mohn and R. M. 
Lambert. School of Medicine, Univ. of 
Buffalo, Buffalo, New York; H. S. Bow- 
man and F. W. Brason, Harrisburg Hos- 
pital, Harrisburg, Pennsylvania. Brit. J. 
Haemat. 7: 112 and 130, 1961. 

THE puRPOSE of this study was to gather 
experimental data to determine whether the 
irregular antibodies that would be picked up 
by screening all donors for antibodies in prefer- 
ence to doing a minor crossmatch are a_suffi- 
cient hazard to the recipient to warrant the time 
involved in such a screening. 

Plasma from donors selected for the presence 
of specific antibodies was stored frozen if not 
for early use. The recipients, male student vol- 
unteers, were selected on the basis of desired 
blood groups, non-sensitization, normality of 
cell survival and hematological and_ clinical 
normality. A donor antibody to be given was 
titrated against the cells of the recipient selected 
to receive it. 

Pre-transfusion studies were made of cell sur- 
vival and red cell mass. ‘To determine post- 
transfusion effects of the antibody donation, 
estimations were made of cell survival, red cell 
mass, plasma Hb, serum bilirubin, reticulocyte 
per cent and detection of sensitization of red 
cells and of free circulating antibody. 

A control series of seven antibody-free plas- 
mas, prepared in the same way as were the 
antibody-containing plasmas, was run to deter- 
mine the effect of such transfusions on the sur- 
vival curve. Of the experimental series seven 
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plasmas contained Rh antibodies, four anti-D, 
two anti-DC and one anti-c; two plasmas con- 
tained anti-K and one anti-M. In each case 
sensitization of the recipient’s red cells did 
occur, but no circulating antibody was detected. 
No unequivocal evidence of red-cell lysis (see 
methods above) was found nor were any clinical 
symptoms of reaction apparent. The authors 
conclude that the magnitude of reaction in 
these recipients would not necessitate prelim- 
inary screening of donor sera as a routine blood 
bank procedure. They further conclude that 
while these were the results in normal recipi- 
ents there is no reason to believe that these 
results would be different in ill patients, pro- 
Vided no intrinsic red-cell defect existed. 

The subject of the second paper, an anti-CD 
antibody plasma, was exceptional in two re- 
spects: the donor was a woman of Rh genotype 
cD"e/cde; the titer was one of the highest ever 
encountered by the authors. The antibody gave 
its highest titers by the serum + albumin 
method: vs. Cde/cde (R’r) 1:512; vs. cDe/cde 
(R,r) approx. 1:1 million; vs. C*’De/. CDe 
(R,"R,), the recipient, approx. 1:0.5 million. 

The recipient was selected and studied in 
the same way as had been the previous members 
of this study. However, in contrast to the 
others, he developed signs of acute red cell 
destruction: the mean cell life was 4.9 days; up 
to day seven there was an estimated total loss 
of 1,680 ml. of red cells. Pallor and mild jaun- 
dice developed, but splenomegaly was not de- 
tected. Urobilinogen increased in the urine. 
Spherocytes were observed in the smear. The 
peak of reticulocytosis on the fifteenth day was 
26 per cent; the peak plasma Hb was on the first 
day—24.5 mgm. per cent, the peak serum bili- 
rubin on the third day—3.2 mgm. per cent. 

The recipient’s cells gave a strong serum + 
albumin (Witebsky) test and direct antiglobulin 
test immediately after transfusion. These grad- 
ually diminished in strength, the first disappear- 
ing on day 105 and the second on day 140. Free 
antibody as detected by the indirect antiglob- 
ulin test against the recipient’s cells and against 
R’r and R,r cells reached its peak on day five, 
but was no longer detectable by day 14. On 
day 91 an antibody demonstrable by this method 
appeared and persisted till some time between 
days 140 and 198, but this antibody reacted only 
with the recipient's cells by this method during 
this period. In contrast the antibody demon- 
strable by the serum + albumin (Witebsky) 
technic was present from day one to day 140 
but had disappeared by day 198. Its titer, how- 


ever, had three peaks centered around days one, 
25 and 120, and it reacted with all three test 
cells in vitro. Curiously the third rise begin 
just at the time when the direct test by this 
method for in vivo sensitization became ne:a- 
tive, yet, though the titer of the antibody using 
this method reached 512, evidence of in wv vo 
sensitization did not again appear. The patient 
developed no symptoms at the time of the final 
appearance or rise of antibody. 

The authors discuss at some length the me 
ing of the third rise in titer, questioning whet! 
it could represent specific active autoimmuni/a- 
tion or an antibody augmentation phenomen: 

The authors conclude that exceptional 
antibodies in donor blood, although hay) 
minimal hemolytic activity, may sequester « 
destroy circulating red cells of a normal rec: 
ent.—M. L. 


COAGULATION 


The Problem of Fibrinolysis. L. D. Orlova, 
Central Order of Lenin Institute of 
Hematology and Blood Transfusion, 
U.S.S.R. Problems of Hematology and 


Blood Transfusion. 5: 593, 1960. 


AFTER a brief review of the fibrinolytic mech- 
anism and its importance in certain types of 
abnormal bleeding, the authors note that, dur- 
ing a study of leukemia, delayed bleeding re- 
sembling fibrinolytic hemorrhage was observed. 
Fifty patients with various forms of leukemia 
were studied, and, in six, fibrinolysis was con- 
firmed by a clot lysis test. Fibrinolysis was also 
detected in one patient with hemorrhagic 
thrombocythemia and in one case of lupus 
erythematosis. Of the six patients with leu- 
kemia, two had chronic myeloid leukemia and 
four had acute blastic leukemia. Coagulation 
studies of the eight patients with fibrinolytic 
activity showed that fibrinogen was decreased 
below 100 mg. per cent in three and prothrom- 
bin ranged below 70 per cent in five patients. 
Reasons for the development of fibrinolysis 
in leukemia are discussed, the authors favoring 
the theory that gross changes in the liver dis- 
turb the production of anti-fibrinolysin with 
consequent activation of fibrinolysis. Treatment 
of fibrinolysis in leukemia by vigorous therapy 
of the underlying disease with steroids, 6-MP, 
myleran and x-ray is advocated. When remis- 
sion is achieved, fibrinolysis ceases. Direct ac- 
tion against the fibrinolytic process by the use 
of fresh whole blood and plasma is also advo- 
cated. The authors conclude that fibrinolysis 
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as well as thrombocytopenia may be a cause of 
serious hemorrhage in leukemia.—A. K. 


e 


M1,CELLANEOUS 


Polvolefin Plastics As Blood Filters. H. H. 
LeVeen, B. Schatman and F. Falk. Vet. 
Admin. Hosp., Brooklyn, New York. 
Surgery. 49: 510, 1961. 

‘J HIS BRIEF report describes an investigation 
of »latelet loss that occurs during passage of 
whole blood through commercially available ad- 
mir istration set filters. A new filter of woven 
pol ethylene fibers was designed and compared 
wit!) the latter. Counts showed platelet losses 
of approximately 40 per cent after single 
passages of 300 ml. of blood through each com- 
mercial filter, virtually none through the poly- 
ethylene filter. Moreover, since no blocking 
of the interstices occurs with the polyethylene 
filter, this type could be used for many units of 
blood. Thus, for those patients who should 
receive a maximum number of platelets, a poly- 
ethylene filter is to be preferred.—J. B. R. 


Benzalkonium Chloride As a Source of Infec- 
tion. W. F. Malizia, E. J. Gangarosa 
and A. F. Goley. Walter Reed Army Hos- 
pital, Washington, D. C. New Eng. J. 
Med. 263: 800, 1960. 

A GRAM negative bacillus, incriminated in 
infections in eleven patients, was recovered 
from a container of 1:750 aqueous solution of 
an antiseptic (Zephiran®) in which gauze 
squares were kept. It was also found in three 
separate one liter bottles of the solution. The 
gauze was used to cleanse the skin before veni- 
punctures and, in three of the patients, the 


organism was recovered in pure culture from 
abscesses as well as from the blood stream. 

An experiment was performed which proved 
again that the presence of gauze reduced the 
bactericidal effect of the aqueous benzalkonium 
chloride. The tincture was not so affected. The 
practice of soaking gauze sponges in the solu- 
tion is a real health hazard.—P. J. S. 


Letters to the Editor: Nickel Sensitivity. P. V. 
Marcussen. Lancet. 1: 670, 1961. 

THE AUTHOR supports Stoddart’s recent ob- 
servation of sensitivity to nickel in cannulae as 
a cause of allergic transfusion reactions. Among 
621 patients with nickel sensitivity, the cause in 
14 was considered to be injection needles. In 
four of these the relation was striking. Eleven 
other cases were found in medical personnel 
who handled surgical instruments.—J. B. R. 


Electronic Demonstration of Blood Cell Agglu- 
tinins. M. J. Halloran, W. J. Harrington, 
V. Minnich and G. K. Arimura. Wash- 
ington U. Sch. of Med., St. Louis, Mis- 
souri. Amer. J. Clin. Path. 35: 105, 1961. 


AGGLUTININS for red cells, platelets and white 
cells can readily and reproducibly be demon- 
strated with an electronic counter (Coulter 
Counter, Model A), now available in many 
hematology laboratories, by appropriate scaler 
settings which exclude recognition of unagglu- 
tinated cells. The method does not distinguish 
between non-immunologic aggregation of cells 
and agglutination due to antibodies; in this 
respect a major shortcoming of agglutination 
reactions in general remains unresolved.—H. F. 


Questions and Answers 


R, and R, 

Q. “How are R, and R, bloods identified?” 
—M.T., Detroit, Mich. ; 

A. “Only those red cell specimens which are 
agglutinated by both anti-C and anti-E anti- 
bodies can be R, or R, positive; this is charac- 
teristic of about 12 per cent of specimens 
donated in most North American blood banks. 
A very small number of these (considerably 
less than 1 per cent) may be genotyped immedi- 
ately by their serological reactions: 

C+D—E+c+e— CdE/cdE genotype 

C+D—E+c—e+ CdE/Cde genotype 

C+D—E-+c—e— CdE/CdE genotype 


Another small number can be concluded to 
be either R, or R, positive or both: 
C+D+E+c+e— CDE/cDE, CDE/cdE or 
CdE/cDE 
CDE/CDE or CDE/CdE 
CDE/CDe, CDE/Cde or 
CdE/CDe 


C+D+E+c—e— 
C+D+E+c—e+ 


This leaves only two additional patterns of 
serological activity: 
C+D+E+c+e+ CDe/cDE, CDe/cdE, 
cDE/Cde, CDE/cde, 
CDE/cDe or CdE/cDe 
C+D—E+c+e+ CdE/cde or Cde/cdE 
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The D negative phenotype is very uncommon, 
representing the alternative genotypes CdE/cde 
or Cde/cdE. However, those cells which react 
with all five antisera are found in nearly 12 
per cent of the population, and constitute the 
major problem in genotype differentiation. On 
the basis of statistical probability, by far the 
most likely genotype of such cells is CDe/cDE, 
followed by CDe/cdE and cDE/Cde. The re- 
maining possible genotypes are either R, or R, 
positive: ; 


CDE/cde, CDE/cDe or CdE/cDe. 


All are very rare. Certain additional antisera 
may be used to distinguish this rare trio from 
their commoner alternatives. For example, 
“anti-f” usually recognizes the presence of c and 
e on the same chromosome. Therefore, if cells 
in this serological category are agglutinated by 
“anti-f,” it may be concluded that they are 
probably R, or R, positive (i.e. the homologous 
chromosome carries both C and E£). Further- 
more, certain antibodies with apparent anti-C 
specificity will only agglutinate cells from indi- 
viduals having C and e (but not C and £) on 
the same chromosome. This antibody has been 
called anti-rh, or anti-Cé; in most instances it 
is a reliable guide in differentiating CDE/cde, 
CDE/cDe and CdE/cDe_ (negative reaction) 
from CDe/cDE, CDe/cdE and cDE/Cde (posi- 
tive reaction). This would be equally true of 
CdE/cde (negative) and Cde/cdE (positive). 

Such presumptive findings should be sup- 
ported, whenever possible, by family studies. 
These are frequently, but not invariably, help- 
ful in working out Rh gene segregation. 


Note: The above discussion does not take into 
account such possibilities as gene deletion, sup- 
pression or mutation, nor does it intend to 
imply that the individual letter symbols, used 
for convenience, necessarily represent any well 
defined segments of chromosomal DNA.—Eloise 
R. Giblett, M.D. 


Warming Blood 


Q. “I would appreciate a discussion on the 
matter of whether bank blood for replacement 
transfusion in hemolytic disease of the newborn 
should be given cold, immediately from the 
blood bank refrigerator, or whether the blood 
may be warmed to near body temperature be- 
fore administration.”—M.D., Portland, Oregon. 

A. “Death from hypothermia is a very real 
danger during exchange transfusions of the 
newborn, and prior warming of stored bank 


QUESTIONS AND ANSWERS 


blood is essential for the success of the proce. 
dure. The method of warming that appear, to 
be the most satisfactory, is to pass the donor 
blood through coils of tubing that are im. 
mersed in a water bath heated to 38-40C_ If 
the content of blood immersed is equal to the 
volume of each cycle of the discontinuous ex. 
change, the reservoir of donor blood will re. 
main cold while the volume of blood reaching 
the infant with each cycle will be at body em. 
perature. The water bath must be thei mo. 
statically controlled, the water should be c rcu- 
lated by pump or convection, and the Opel itor 
must be certain that the bath has not | cen 
filled with water that was too hot. Water? iths 
of this description are manufactured or ca 
made, and recipient sets with 16-20 fee 
tubing are available (as is sterile dispo: 
plastic tubing of proper length).”—R. E. R: 
field, M.D. 


Crossmatch in Auto-Immune Hemolytic 
Anemia 


Q. “Comments on crossmatching blood for 
patients with auto-antibody, patients with ac- 
quired hemolytic anemia and others where the 
direct and where also the indirect Coombs test 
is positive will be appreciated.”—M. T., Mon- 
treal. 

A. “Before considering the problems of cross- 
matching in patients with idiopathic acquired 
hemolytic anemia, it seems appropriate to recall 
the recommendations of Dr. Scott Swisher: to 
withhold blood transfusion in these cases until 
it is clearly essential to prevent immediate 
death, to give steroids, to use bed rest and oxy- 
gen, if necessary to enable the patient to get 
along with the low hemoglobin concentration, 
and to use small transfusions rather than mas- 
sive ones, when transfusion has become abso- 
lutely necessary. In my own experience, massive 
transfusion has stimulated marked ‘autoanti- 
body’ formation in some cases, and should be 
avoided if possible. A patient may survive with- 
out transfusion, even with a hemoglobin as 
low as 2 grams, if supportive treatment is good 
and he is in good general health. Massive 
transfusion may raise the hemoglobin concen- 
tration for a long enough period to allow bone 
marrow hyperactivity to subside, thus possibly 
delaying recovery. 

It is important, in these patients, to identify 
any specific antibody they may have. Anti-e is 
the most commonly encountered specific anti- 
body in these cases, and can be identified by 
absorbing the serum (or eluate from paticnt’s 
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cells) with e-negative red cells, to remove ‘non- 
specific’ antibody, then testing against several 
knovn e-negative and several e-positive bloods. 
Oth:r antibodies may be identified by similar 
pro edures. By selecting especially useful bloods 
for ‘he absorptions (a blood that is O, e-nega- 
tive S-negative, P-negative, Fy*-negative, ]k*- 
neg tive would be especially useful, for exam- 
ple). it may be possible to rule out a number 
of «ntibodies at one time. This is time-con- 
suming work, and requires access to bloods of 
usef il types. If specific antibodies are found, 
donors lacking the corresponding antigens 
should be selected for crossmatch. 

li performing the cross-match itself, it is 
advisable to match several bloods, if possible, 
and to test each one with serial dilutions of 
the patient’s serum, selecting for use that donor 
whose red cells give the lowest ‘titer’ with the 
paticnt’s serum.”—Fred H. Allen, Jr., M.D. 


Typing of Recipient 


Q. “Regarding the D" factor of recipients of 
a blood transfusion would you advise screening 
all patients who are Rh, (D) negative for the 
D' factor. If D" positive would you then advise 
to genotyping the patient to show the so-called 
‘ene interaction’ type or ‘hereditary’ type in 
order to decide the type of blood to be trans- 
fused. Would you advise Rh, positive blood 
with c-negative to recipients of D-negative, D'- 
positive, c-negative?”—M. T., Montreal. 


A. “I have for a long time advised against 
routine testing for D" in recipients because few 
D's are missed by standard Rh typing tests with 
commercial anti-D serums now available and 
because of the relatively high risk of false posi- 
tives in such testing. If one were dealing with 
a population in which D" is a frequent type, 
and recipients were to be tested for D" in such 
populations, control tests should include the 
direct Coombs test on each person, and tests 
to insure, so far as is possible, that the typing 
serum contains no antibody but anti-D. So 
far as I know, there is no need to distinguish 
the inherited D variants from D’s caused by 
gene interaction. I would advise against trying 
to supply c-negative blood to c-negative recipi- 
ents in this, as in all other ‘routine,’ situations.” 
~Fred H. Allen, Jr., M.D. 


Problems 


Q. “1. How are properly identifiable sterile 
pilot tubes attached to plastic bags prior to 
bleeding? 
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2. Are there any blood banks that inspect 
every bottle every day for visual evidence of 
contamination or hemolysis and how do they 
keep the records? 

3. What is considered to be a satisfactory 
method for indicating that ABO groupings and 
Rh typings have been repeated on pilot tube 
samples received from outside agencies? 

4. Would you describe in detail the methods 
used for sterility tests? 

5. What precautions are necessary to avoid 
falsely identifying a recipient as Rh positive?” 
—M. D., Minnesota. 


A. “1. The attachment of properly identified 
pilot tubes to plastic bags prior to bleeding 
depends upon the type of bag. A bag with 
integral donor tubing obviously has this length 
of donor tubing as an attached pilot tube. In 
addition, any plastic bag can have a pilot tube 
attached before bleeding utilizing adhesive plas- 
ter, cellulose tape, or any other device which 
securely attaches the pilot tube to the bag. In 
a long experience with one type of plastic bag 
which also has integral donor tubing, several 
blood banks with a large volume have had no 
difficulty in carrying out the prior attachment 
of a pilot tube. 

2. ‘The Standards for a Blood Transfusion 
Service of the AABB’ states ‘Each container of 
blood shall be visually inspected at regular in- 
tervals during storage and immediately prior 
to release for undue hemolysis, abnormal cloudi- 
ness or color.’ The significant inspection that 
is required for the ‘Standards’ is that which is 
given immediately prior to release. A regular 
but not necessarily a daily overall inspection 
is required, but this does not have to be a 
searching examination of each container. A 
simple record indicating that a daily inspection 
of the refrigerator and its contents have been 
made is adequate. The transfusion release 
form may be used to indicate the final satisfac- 
tory appearance of the blood. 

3. A satisfactory method to indicate that 
the ABO group and Rh type has been repeated 
on bloods received from outside sources is to 
leave the original grouping label attached and 
visible, and to apply a tie-tag with the group- 
ing performed by the final agency. 

4. A suitable method for sterility testing is 
the following: 

(a) Blood intended for transfusion should 
not be tested for sterility by a method that re- 
quires entrance of the final container before the 
blood is used for transfusion. If such a method 
is used, the blood in the entered container must 
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be used within three to 24 hours in accordance 
with the ‘Standards for a Blood Transfusion 
Service.’ 

(b) The sterility test itself should be per- 
formed regularly at least once monthly and 
should include containers of blood that appear 
normal. The latter should be sampled within 
the 18th to 24th day after collection. The vol- 
ume of the sample should be adequate, prefer- 
ably 5-10 ml., inoculated into a total volume 
of fluid thioglycollate or thioglycollate broth 
medium 10 times the volume of the sample of 
blood. It should be incubated for seven to 
nine days at a temperature of 30-32C. and 
subcultured on the third, fourth, or fifth day 
utilizing thioglycollate for seven to nine days 
at a temperature of 30-32 C. 

(c) Instead of performing one test using an 
incubation temperature of 30-32C., two tests 
may be performed; one at an incubation tem- 
perature at 18-22C., and one at an incubation 
temperature of 35-37 C. 

Walter and his associates have described a 
simple method for sterility testing of plastic 
bags with an integral donor tube. In_ this 
method a 1 ml. sample is harvested from the 
integral donor tubing, incubated for 10 days, 


and then streaked on blood agar and observed 
24 hours later. This method may be found in 
the New Eng. J. Med. 257: 364, 1957. 

5. To avoid falsely identifying a recipien: as 
Rh positive, one must employ a control sys:em 
utilizing the recipient’s cells in its own se: um 
and handling this system in the same manner 
as the test with the anti-Rh serum. The use 
of saline-active anti-Rh serum will also avoid 
false positives due to auto-agglutinins, hy >er- 
globulinemia and other causes.”—Mark Fai-on 
Lesses, M.D. 


Sale or Service 


Q. “Would you be kind enough to forv ard 
me a sample transfusion authorization that im- 
plies over-all hospital service rather than sz \e?” 
—M.D., Texas. 

A. “There are many differing authoriza ion 
forms for blood transfusions. However, | 
lieve that the one prepared by the Law De}: 
ment of the American Medical Association and 
published on page 16 of its book entitled ‘Medi- 
cal Legal Forms—With Legal Analysis’ is as 
complete and legally sound as such a form can 
be.”—Howard Hassard, San Francisco. 


Meeting Notes 


Blood Groups in Infrahuman Species 


A CONFERENCE on Blood Groups in Infra- 
human Species was held on May 15 and 16, 1961 
in New York City under the auspices of the 
New York Academy of Sciences, Section of 
Biological and Medical Sciences. This confer- 
ence, well organized by Dr. Carl Cohen of the 
Batelle Memorial Institute of Columbus, Ohio, 
and Dr. D. B. Amos, Roswell Park Memorial 
Institute, Buffalo, New York, provided one of 
the first opportunities for workers dealing with 
blood groups of infrahuman species in the 
course of laboratory investigation on one hand 
and in relation to agricultural animals on the 
other to exchange views and delineate a num- 
ber of basic common problems. On the whole, 
the conference enjoyed a stimulating and _ for- 
ward-looking viewpoint and an informal at- 
mosphere which evoked substantial discussion. 

Several major themes emerged from the 
presented papers and accompanying discussion. 


The first of these was blood grouping and its 
possible relationships to histocompatibility in a 
variety of experiments involving tissue trans- 
plantation in mammals. Although a great deal 
of work has been done on several aspects of this 
question, much more needs to be known about 
these relationships, particularly in higher mam- 
mals where inbred strains are not available, 
before blood grouping can be used as a major 
guide to experimental designs. A second group 
of papers dealt primarily with immunogenetic 
problems. It is apparent that the full force of 
blood grouping as a genetic tool will be realized 
first in animals where controlled breeding stud- 
ies permit much more precise description of 
the genetic mechanisms involved in the trans- 
mission of heritable blood group antigens. An 
especially interesting aspect of the latter are 
the efforts to correlate blood groups with a 
variety of economically important  character- 
istics of domesticated animals. Serological stud- 
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ies of blood group relationships between closely 
related species in an effort to understand a 
variety of evolutionary and ecological relation- 
ships emerged as a third rather tenuous line 
of study being undertaken presently. Finally, 
a number of papers which were primarily 
de criptive of a wide variety of blood grouping 
sysems encountered in many different species 
of inimals were presented. Many of these latter 
stu lies provide the necessary preliminary work 
beiore other genetic, immunological or experi- 
mcatal investigations are undertaken in a wide 
vaiiety of new species. It was from these latter 
studies that the listener was impressed with the 
trenendous amount of work presently in 
progress in the blood groups of infrahuman 
species and the fundamental and broad _bio- 
logical importance of blood grouping in gen- 
eral. Blood groups seem to appear wherever 
they are looked for. 

Che first day’s program was devoted primarily 
to blood group studies of laboratory animals. 
Space does not permit detailed review of even 
a majority of the papers presented. Rhesus 
and a variety of other primates, rabbits, rats, 
mice, and dogs were the principal labora- 
tory species discussed. Most of the antigens 
that have been identified have been uti- 


lized primarily as markers in a_ variety of 


transplantation, transfusion, or genetic experi- 
ments. Cohen has approached the problem 
of the relationship of antigenicity of a variety 
individual of red cell antigens to the total anti- 
genic constellation of the animal’s erythrocytes 
utilizing the rabbit. This work appears to have 
great importance in understanding the wide 
variability in antigenic potential of the many 
red cell antigens of all species, including man. 
A number of practical problems encountered in 
the dog and in rabbits related to experimental 
transfusions or production of viable offspring 
free of hemolytic disease of the newborn, were 
also discussed. Virtually all of the investiga- 
tions reported during the entire conference 
involved the use of iso-antibodies produced by 
immunizing animals within a single species; 
in a few instances heteroantibodies with spe- 
cificity for blood grouping antigens have been 
employed. “Naturally occurring” antibodies of 
the sort encountered in the human ABO system 
apparently are very uncommon in other species, 
a fact which may well be related to the much 
more recent development of blood grouping 
studies in these species. 

Papers presented by Drs. George Ridgeway 
and William Hildemann demonstrated the feasi- 


bility of blood grouping studies even among the 
fishes, amphibia and reptiles. The extraordi- 
nary technical and practical difficulties facing 
these workers gave cause for gratitude to many 
investigators dealing with more tractable species. 

The second day’s program was devoted to 
blood grouping studies of animals of economic 
importance. Four papers attested to the great 
current interest in the blood groups of chickens. 
Interesting correlations between blood groups 
and economically important characteristics such 
as egg laying and weight gain are under investi- 
gation. Briles presented a group of studies uti- 
lizing an approach to the problem of specificity 
of reagents which is novel in the field of human 
blood group studies. By development of a large 
panel of reagents all reacting to one or more 
antigens within a single complex system, differ- 
ential patterns of reactions can be observed and 
multiple antigens within the system can be rec- 
ognized. Gilmour presented data on several 
genetic studies, including linkages and factors 
involved in polymorphism, using seven blood 
groups in the species. Studies of red cell and 
histocompatibility antigens, availability of lec- 
tins which distinguish blood groups in chickens 
and the demonstration of polymorphisms of 
serum and egg albumin proteins all suggest that 
the chicken may be potentially a more impor- 
tant laboratory animal than is commonly recog- 
nized for studies involving these problems. 
Scheinberg presented a very interesting and 
important paper dealing with the “HI” agglu- 
tinogen in chickens. This agglutinogen appears 
in female chickens after the onset of egg laying 
and its activity seems to depend upon the estro- 
genic level in the animal. Injections of diethyl- 
stilbesterol given to young birds can result in 
premature transformation of their red cells to 
an agglutinable status. Moreover, males pos- 
sessing this genetic potential can also have their 
red cells transformed to an agglutinable form 
by stilbesterol injections. This work under- 
scores again the wide variety of possible mecha- 
nisms whereby a serologically detectable erythro- 
cyte “antigen” can be controlled by non-genetic 
mechanisms. 

Blood grouping studies of cattle were dealt 
with by Drs. Clyde Stormont and William Stone. 
The wide variety of blood grouping antigens 
occurring in this species is well known to most 
students of blood groups. Over 350 antigens, 
belonging to a relatively small number of in- 
dependent systems, have been recognized in 
cattle. Stormont noted that at the present time 
it is theoretically possible to recognize over two 
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trillion phenotypes in cattle. The staggering 
complexities of blood groups in this species 
almost fade the complexity of human blood 
grouping systems into insignificance. Further 
studies of the very intriguing J system of 
cattle were presented by Dr. Stone. The J 
substance is a soluble blood group substance 
probably a glycoprotein, which becomes ab- 
sorbed to the red cells from the serum. This 
system again points out the diversity of the 
mechanisms by which red cell antigens are pro- 
duced. J positive cattle can now be divided 
into two groups, based upon a high or low con- 
tent of J substance in the serum. The factors 
which control the absorption of the J substance 
by the erythrocytes appears to reside in the 
serum of the animal and not in its red cells. 

Blood grouping studies of pigs, horses and 
sheep were also reported on the second day of 
the program. The occurrence of hemolytic dis- 
ease of newborns in pigs and horses has stimu- 
lated much of the work in this field. The blood 
groups of sheep at present involve seven sepa- 
rate systems and appear also to be highly com- 
plex. An interesting homologous relationship 
appears to exist between the B system of sheep 
and the B system of cattle. In both species the 
system is extremely complex, involving at least 
52 phenogroups in sheep. 

The conference was closed by a paper pre- 
sented by Dr. Andre Eyquem and colleagues 
surveying their work of the last 15 years on 
blood groups of a variety of animal species. 
The important contributions made by these 
French workers are especially well known among 
workers in the field of human blood grouping. 

A problem also very familiar to workers in 
the field of human blood grouping rose re- 
peatedly during this conference, that of nomen- 
clature systems. Following a dinner in honor 
of Professor M. R. Irwin, whose own work and 
whose students have contributed so much to 
this field, a meeting was held devoted to an 
informal discussion of the problems of blood 
grouping nomenclature. This session, presided 
over by Dr. Amos, heard brief reviews of the 
major problems of nomenclature from workers 


dealing with the several species. It prompily 
became apparent that a wide variety of philoso. 
phies of nomenclature were represented. In the 
main, however, the simplest possible notations 
have been employed at the outset of work 5n 
various species. As the blood grouping syste ins 
developed in complexity, many of the nomen- 
clature devices have become increasingly ina:le. 
quate. Thus, the letters of the alphabet hzve 
been used to designate blood groups in virtua’ ly 
every species! 

It appears that blood grouping workers hi ve 
been strongly motivated to employ notaticns 
closely allied to those of the pure genetic st. 
Whereas this has certain advantages in est :b- 
lishing a common language with the discip] ne 
of genetics, it has other disadvantages, parti u- 
larly in that it may imply a great deal mre 
genetic knowledge of the situation than is aciu- 
ally known. It is increasingly difficult, par ic- 
ularly in species such as cattle and sheep, to 
specify in detail the antigenic content of the 
red cells of any individual. Thus, certain short- 
hand notations are developing by convention 
within these areas. Almost immediately it be- 
came apparent that a great deal of thought 
must be given to designing notation systems 
in the future and that many of the present 
notation systems must be revised. Most urgently 
there seems to be need of agreement on a set 
of principles for devising notations which will 
be applicable to all species. All of the investi- 
gators present appeared to have very great 
interest in this problem and indicated willing- 
ness to cooperate in any way necessary to reach 
a satisfactory resolution. To this end, it was 
recommended that a small working group be 
established within the newly founded society 
devoted to immunogenetics to study this prob- 
lem in detail and to recommend methods of 
formulating these principles. If such an agree- 
ment can be reached in the field of infrahuman 
blood grouping, and if the system can be dem- 
onstrated to be workable, a major contribution 
may be made to the field of human blood group- 
ing where the problems seem to be qualitatively 
no different.—Scott N. Swisher, M.D. 


1961 Meeting of the American Society of Human Genetics 


‘THE ANNUAL meeting of the American Society 
of Human Genetics was held in Atlantic City 
at the Claridge Hotel, May 3-5, 1961. The after- 
noon session on Thursday, May 4th, was held 
jointly with the Society for Pediatric Research, 


emphasizing the increasing importance of hu- 
man genetics for pediatrics and clinical medi- 
cine. 

The papers of interest to the audience of 
this Journal included those dealing with blood 
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groups, chromosomal abnormalities and plasma 
protein polymorphisms. P. H. Saldanha used 
blood groups to ascertain the Negro, Portuguese 
and Indian admixture in northeastern Brazilian 
po ulations. J. A. Buckwalter presented secretor 
stulies on the ABO blood group disease asso- 
ciation. K. Mayeda was unable to obtain any 
cor elation between the mother’s Rh type and 
the ability of the daughter to produce Rh anti- 
bodies which suggests that immunological tol- 
eraiice does not play a role in maternal-fetal 
Rh incompatibility. 

Nh. Wald and collaborators presented an 
epilemiologic and cytogenetic study of the rela- 
tionship between Mongolism and _ leukemia. 
Thy confirmed an increased incidence of leu- 
keniia in Mongolism in all age groups through- 
out life. P. Mamumes reported a case of acute 
myelogenous leukemia in a 38-year-old male 
with Klinefelter’s syndrome, suggesting that an 
increased susceptibility to leukemia may be due 
to an excess of sex chromosomes in addition to 
an excess or imbalance of autosomes (Mongol- 
ism). 

A. G. Steinberg presented evidence that indi- 
cates anti-Gm* reagin obtained from healthy 
donors detects the same factor as reagin ob- 


tained from rheumatoid arthritics even though 
the two reagins differ both qualitatively and 
quantitatively. H. Cleve and A. G. Bearn indi- 
cated that the mode of inheritance of group 
specific alpha-2 component is compatible with 
a two allelic system without dominance. Ele- 
gant biochemical studies were applied by E. 
Sutton and B. Bowman to two genetic types of 
transferrin in an attempt to find a difference in 
their primary protein structure. 

Other papers of interest included a report 
by R. Hall and associates in which about one- 
third of the parents and sibs of patients with 
antibody positive thyroid disease had demon- 
strable thyroid autoantibodies even though they 
were free of thyroid disease. J. A. Wolff and 
W. A. Bauman presented biochemical studies 
on a patient with acanthocytosis (thorny ery- 
throcytes) which indicated that this disorder 
represents a deficiency or absence of beta-lipo- 
protein and that the red cell abnormality is 
secondary to the defect in lipid metabolism. 

One of the highlights of the meeting was the 
presidential address by Professor L. C. Dunn 
entitled ‘“Crosscurrents in the History of Human 
Genetics,” which deserves to be published.— 
S. P. Masouredis. 





News and Announcements 


Preliminary Program for the 14th Annual Meeting 
of the American Association of Blood Banks 


Administrative Section 


The first two sessions will be panel discussions with 
questions from the floor answered by the panelists. 


SESSION I—Thursday, October 26, 1961, 9:30 a.m. 
to 12:30 p.m. 
A. Blood Service Plans Including Blood Procure- 
ment Programs 
For Discussion: Functions, services and benefits 
by the people from diverse geographical areas 
who participate in all phases of blood banking. 
. Hospital and Community Blood Banks 
For Discussion: Their functions and the role 
they have in the community. Are there too 
many blood banks? Benefits of a community 
blood bank or vice versa. 


SESSION II—Friday, October 27, 1961, 2:00 p.m. to 
5:00 p.m. 
A. Blood Bank Administrative Problems (Ques- 
tion and Answer Workshop) 
A few of the selected questions to be discussed: 


1. How can local blood banks secure greater 
support in publicizing their work (public 
relations rather than public information)? 
2. Exploitation of donors and recipients. 3. 
Types of records and their importance. 4. 
Blood donor replacement policies. 5. Donor 
procurement for massive transfusion, extra- 
corporeal surgery, etc., and 6. Blood inven- 
tory (excessive outdating and continuing to 
have an adequate inventory for normal 
needs to meet emergencies). 


SESSION I1I—Saturday, October 28, 1961, 9:00 a.m. 
to 12:00 noon. 
A. Paper Presentations 
1. National Clearinghouse Agreement. 2. Rare 
Donor File (correct procedures, etc.). 3. Re- 
quirements for Certification in Blood Bank- 
ing and Establishment of a School for 
Specialty Certification. 4. Report from Inspec- 
tion and Accreditation Committee—Progress 
and Problems. 5. “A Word to the Wise,” and 
6. Recent Regulations Issued by the Depart- 
ment of Health, Education and Welfare., 
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Scientific Program 


Guest speakers from abroad will be Drs. Fred Strat- 
ton, John F. Loutit and R. R. A. Coombs who are 
well known to our readers. 


Time schedule not shown because it is not finalized. 

Most presentations will be limited to 15 minutes. 

Discussion periods and intermissions have been 
omitted to conserve space. 


THURSDAY, OCTOBER 26, 1961 
MORNING SESSION 
Israel Davidsohn, M.D., Chairman 


Blood Groups—Antibodies 


“A Simple and Practical Method for Concentrating 
Blood Group Antibodies, Eloise R. Giblett,* Lucy 
E. Brooks 


The Effectiveness of Technics in Demonstrating Iso- 
hemagglutinins, James J. Griffitts,* Polly Schmidt 


Enzyme Effects on the Agglutinability of Red Cells 
Sensitized with Incomplete Antibody, S$. P. Masour- 
edis 

The Function of Proteolytic Enzymes and Tannic 
Acid in Inducing Erythrocyte Agglutination, Maria 
Cordova,* Theodore L. Imel, Bernard Pirofsky 


Studies of Specificity of Human Isoantibodies, Neva 
M. Abelson,* Arnold J. Rawson 


Effects of Magnetic Fields on Erythrocyte Agglutina- 
tion, Emanuel Hackel,* Adolph E. Smith 

Serological Characteristics of Rh-Positive Cells De- 
termined with Rh Antibody Fractions Separated by 


Deae-Cellulose Column Chromatography, Mitsuo 
Yokoyama, Joel M. Solomon,* Eleanor Morrison 


Detection of the r’ (Ce) Chromosome in a Rh, (D)- 
Positive Family by the Quantitative Hemagglu- 
tination Method, Mary B. Gibbs 

Transplantation 
The Transfer of Lymphoid Cells, John F. Loutit 


AFTERNOON SESSION 
Kurt Stern, M.D., Chairman 


Transfusion Practice 


A New Method for Preparing Buffy Coat-Poor 
Blood, Tibor J. Greenwalt, Mieczyslaw Gajewski, 
James L. McKenna* 


Experience with Newly Designed Equipment for 
Preparation of Buffy Coat-Poor Red Cell Suspen- 
sions for Transfusion, Mona Cassell,* Dorothy R. 
Phillips, Hugh Chaplin, Jr. 


Preliminary Screening of Blood Donors with the 
Microhematocrit Test for Red Cell Volume and the 
Plasmacrit Test for Syphilis (HCT-PCT Method), 
Rita L. Don, Don W. Orlowski, John B. Alsever* 


The Occasional Fallibility of in Vitro Compatibility 
Tests, Hugh Chaplin, Jr.,* Mona Cassell 


* To present paper. 


NEWS AND ANNOUNCEMENTS 


Preliminary Observations on Possible Toxic Effects 
of Citrate Ion, E. R. Jennings, et al.* 


Limits to Plasmapheresis as a Form of Blood Dona. 
tion, Allan Kliman,* Lawrence A. Gaydos, Emil |. 
Freireich 


Recent Developments in Laboratory Studies of 
Human Hepatitis, J. Wm. McLean, Jr.,* Alton R. 
Taylor, Wilton A. Rightsel 


Serologic Studies in Burned Human _ Subjects 
(“Toxin-Antitoxin”), Sol Roy Rosenthal,* Wilma 4. 
Spurrier, George T. Crouse 


Denaturation of Protein by in Vacuo Drawing of 
Blood, Dieter Krumhaar, William H. Lee, Ir.* 
James V. Maloney, Jr. 


Film 
Blood Fractions in Clinical Medicine, Produce:! }y 
Synergist Productions, Inc. ; 


Discussants: Edward L. Burns, John J. Clem ner, 
Coye C. Mason 


FRIDAY, OCTOBER 27, 1961 
MORNING SESSION 


Tibor J. Greenwalt, M.D., Chairman 
Blood Groups—Anthropology 


Distribution of Hereditary Blood Factors Among 
Indians of Mexico. II. Tzotzil and Other Maya, 
G. Albin Matson,* Jane Swanson 


Blood Groups—Genetics 
A Survey of the Du Problem in a Heterogencous 
Population, Phillip Sturgeon 


Identification of Chromosomes by Blood Grouping 
Tests, Fred H. Allen, Jr. 


Gene Frequencies of Blood Group Antigens in an 
Expanding Population, David E. Soules 


Blood Groups—Antibodies 


The Detection, Activity and Nature of Blood Group 
Antibodies, Which Fix Complement, Fred Stratton 


Blood Groups—Genetics 
Report on a Family with Six Tj#-Negative Siblings, 
Kurt Stern,* Shirley Busch 


Current Status of the Vel Blood Group System, Leon 
N. Sussman 


The Relation of Human and Cattle Blood Groups, 
William H. Stone 


AFTERNOON SESSION 
E. R. Jennings, M.D., Chairman 


Blood Groups—Immunology 


Immunization to Rh,(D) Observed in Pregnancy 
of a Woman with Type rh&(G), Douglas W. Hues- 
lis,* Kurt Stern 


An Uncommon Antigen and Common Antibody, Bg, 
Bruce Chown,* Marion Lewis 
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NEWS AND ANNOUNCEMENTS 


Bone Marrow and Hemopoiesis 


Erythropoietin, Leon O. Jacobson,* Clifford W. 
Gu-ney 
Transplantation of Marrow and Whole Organs, 


E. Donnall Thomas,* David A. Blumenstock, Joseph 
W. Ferrebee 


Au'ologous and Isologous Bone Marrow Infusion 
in Man as an Adjunct to Tumor Therapy, N. B. 
Ku nick 


Blood Groups—Immunology 


No:mal Survival of Incompatible Red Cells in the 
Presence of Anti-Lu*, Robert M. Greendyke,* Frank 
W. Chorpenning 

Th: Rate of Sensitization of Erythrocytes in Vitro, 
Anihony V. Pisciotta, et al.* 

Kinetics of the Reaction between Human Serum 
and a Highly Purified Anti-Human Gamma Glob- 
ulin Reagent, J. M. Hill,* David E. Soules, Dan 
Hanpton 


The Non-Immunologic Reaction of Globulin Mole- 
cules with the Erythrocyte Surface, Bernard Pirof- 
sky,* Theodore L. Imel, Maria Cordova 


The Competition Theory of Tolerance, John Gor- 
man,* James Chandler 


SATURDAY, OCTOBER 28, 1961 
MORNING SESSION 
William C. Levin, M.D., Chairman 


Blood Groups—Disease 


Correlation between Rh Blood Groups and Ulcer- 
ative Colitis, William C. Boyd,* Mary Heisler 
Alteration of Erythrocyte Antigen B in Acute Leu- 
kemia, Allyn B. Ley,* Jean P. Harris 

A Review of Clinical and Investigative Experience 
with Cold Agglutinins in Disease, William C. 
Levin,* Stephan E. Ritzmann 


Rh-D Hemolytic Disease in Negro and White In- 
fants—A Difference, Lyndall Molthan 


Data Pertaining to the Presence and Significance 
of Fetal Erythrocytes in Maternal Circulation, Flos- 
sie Cohen,* Wolf W. Zuelzer 


Hyperbilirubinemia Due to Exchange Transfusion 
in the Newborn, Albert Ehrlich 


James F. Mohn, M.D., Chairman 


10:50-11:35 
Coombs 


(Title to be announced), R. R. A. 


The Effects of Blood pH on the Transport of 
Bilirubin, Arthur Sawitsky,* Eli Seifter, Stefan 
Stein 


Blood Groups—Genetics 


Further Studies on the Hereditary Gamma Globulin 
(Gm) Groups in Man, H. Hugh Fudenberg 


* To present paper. 


AFTERNOON SESSION 
John B. Ross, M.D., Chairman 


Proposal for a Neutral Blood Group Terminology: 
A Panel Discussion, Philip Levine, M.D., Chairman 


A New Rh Terminology, Richard E. Rosenfield 
New Notation for the Kell System, Fred H. Allen, Jr. 
2:40-250 (Title to Follow), Scott N. Swisher 


Discussion to Be Opened by: Alexander Wiener, 
Fred Stratton 


General Discussion 


Leukocytes 


The Relation of Newborn Leukocyte Counts to 
Maternal Leukoagglutinins, Rose Payne 


Application of Limulus Serum to Simple, Rapid 
Preparation of Leukocyte Suspensions for Immuno- 
logical Study, Elias Cohen,* Maria A. Galley 

Fever, Pyrogenicity and Leukotoxicity in Transfu- 
sion Practice, Paul J. Schmidt,* Sherwin V. Kevy, 
Mary H. McGinniss 


Israel Davidsohn, M.D., Chairman 


Preservation of Blood and Blood Fractions 


Comparison of the ACD and Heparin Systems for 
Blood Storage, Charles Bishop 


A Comparison of the Antigenic Integrity of Fresh 
Red Blood Cells, Glycerolated Red Blood Cells, and 
Red Blood Cells Stored in Liquid Nitrogen, William 
R. Bronson 


A Comparative Study of Factors Influencing the 
Stability of Factor VIII (Antihemophilic Globulin) 
in Bank Blood and Frozen Plasma, Herbert A. Per- 
kins,* D. J. Acra, Mary R. Rolfs 


Technical Section Program 


(Time schedule not final and intermissions 
not shown) 


Wednesday, October 25 


Preconvention Seminar 


Basic Blood Group Serology 
Julius Rutzky, M.D., Chairman 


Fundamental Genetic Principles: Chromosomes, 
Genes, Alleles, Gene Frequency, Calculations, Eman- 
uel Hackel, Ph.D. 


Blood Group Genetics: Gene Frequency, Calcula- 
tions, Linkage, Emanuel Hackel, Ph.D. 


A-B-O-H System: A B O H, Isoantibodies, Types, 
Secretion and Neutralization (exclusive of Lewis), 
Polly Schmidt, M.T. (ASCP) 

A-B-O Subgroups: A,, As, etc., Inhibitory Genes, 


Reagents, Lectins Absorbed B Serum, etc., Grace 
Neitzer, M.T.(ASCP)BB 


Rh System: Rh CDE, Inheritance, Antibodies, 
Homozygous vs. Heterozygous, Patricia Corcoran 





346 NEWS AND ANNOUNCEMENTS 


Rh Subgroups: Types Cv, Ds», etc., Corinne Hind- 
marsh, M.T.(ASCP)BB 


Lewis System: Relation to ABO, Serum, Saliva, Cells, 
Inheritance, Newborn, Antibodies, Shirley Busch, 
MPH, BB Sp. (ASCP) 


Panel Discussion 


Thursday, October 26 through 


Saturday, October 28 
Blood Bank Bazaar 


9:00-5:00 A special feature of the Tection Section 
Program will be the “Blood Bank Bazaar.” Vari- 
ous booths, manned by members proficient in the 
practical field of blood banking, will be set up so 
that participants can perfect technics and solve 
problems in ABO and Rh typing. A special bazaar 
attraction will be the “Answer Man,” in which out- 
standing authorities in the field of immunohema- 
tology will answer questions from the attending 
members. 


The booths will be open throughout each of the 
three days, thus permitting registrants to attend the 
bazaar at their convenience. This will be a real 
opportunity to obtain expert help with problems 
of technic. 


Friday, October 28 
Technical Paper Presentation 


From Donor to Patient: Another Safety Factor, Bar- 
bara Butterfield, LCDR, MSC, USN 


Reducible Minimum, DeWitt T. Hunter, Jr., M.D., 
Kathryn T. Holland, BB (ASCP) 


Serum Haptoglobin: A Preliminary Study, E. Tay- 
lor Peterson, A.B., Max Kroger, B.S. 


The Testing of Donor Bloods for Erythrocyte Anti- 
bodies, Helen Nelson, M.T.(ASCP) 


Trends in Blood Utilization: John W. King, M.D., 
Ph.D., Donald A. Senhauser, M.D. 


Clinical and Laboratory Response to Platelet Infu- 
sions, Paul G. Weil, M.D., A. G. Kendall, M.D., R. 
Baldry, B.S.C. 


Non-neutralizable Anti-A and Anti-B in Human 
Blood Donors, James J. Griffitts, M.D. 


Additional Program Notes 


Wednesday, October 25, 7-8 p.m. There will be a 
no-host cocktail hour and “mixer.” 


Thursday, October 26, 8 p.m. Annual Membership 
Business Meeting—only members may attend. 


Friday, October 28, 6:30-7:30 p.m. No-host cocktail 
hour. 7:30—Annual Banquet and ENTERTAIN- 
MENT! This will be another “fun night” (like 
last year). Details are not ready for announcement, 
but it definitely will be on the “light side!” 


1961 Blood Banking Certificants 


Eighteen technologist members of the AABB, having 
successfully passed the recent examination in blood 
banking, have been granted certification by the 
American Association of Blood Banks and _ the 
American Society of Clinical Pathologists. They are 
as follows: 


Mrs. Mary Ellen Brinkley, BB(ASCP) Jamaica, 
New York 


Miss Ruth Marie Gorman, M.T. (ASCP) BB, Luke. 
wood, Ohio 


Mrs. Roberta G. Harrison, BB (ASCP), Harv.rd, 
Massachusetts 


David M. Childers, M.T.(ASCP) BB, Scottsc ile, 
Arizona 


Miss Sally Frank, M.T. (ASCP) BB, Miami, Flo. ida 


Frank C. Gardiner, BB (ASCP), Connersville, In- 
diana 


Mrs. A. E. Lance Hill, M.T. (ASCP) BB, San Fran- 
cisco, California 


Miss Grace E. Hill, M.T.(ASCP) BB, Roseville, 
Michigan 


Miss Frances W. Holladay, M.T. (ASCP) BB, Rich- 
mond, Virginia 


Miss Norma Jean Lyons, M.T.(ASCP) BB, St. 
Petersburg, Florida 


LCDR Edna FE. McCormick, M.T. (ASCP) BB, 
Queens Village, New York 


Miss Janet M. Summerlin, M.T. (ASCP), BB, 


Greensboro, North Carolina 


Mrs. Betty Van West, M.T. (ASCP) BB, Salt Lake 
City, Utah 
Miss Dorothy M. Pfender, M.T. (ASCP) BB, Phila- 


delphia, Pennsylvania 


Peter Rosendale, M.T.(ASCP) BB, Tacoma, Wash- 
ington 


Miss Bernice L. 
California 


Smith, BB(ASCP), Sacramento, 


Miss Arden M. Stanbury, M.T. (ASCP) BB, Liv- 
onia, Michigan 


Miss Vita Ann Zodin, M.T. (ASCP) BB, Albuquer- 
que, New Mexico 


The total group of newly certified blood bank 
technologists numbered 38 and to each of them, 
the AABB extends congratulations. 





L.o 
matu 
divid 
time 
desig 
carbe 
that | 
blooc 
gluce 
heme 
lowly 
next 
II re 
atten 
was 
coulc 
as th 
conc 
of 2,: 
the ¢ 
was 
aden 
fore 
hand 

Sir 
of cc 
the | 
space 
any | 
heme 
puri 
such 
that 
guan 
red ¢ 
depl 
fortu 


